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Slated  Meeting^  January  5,  1S96, 
Mr.  W.  V.  McKean  in  the  Chair, 

Present,  27  members. 

Reports  of  the  Clerks  and  Judges  of  the  election  were  read 
and  the  report  of  the  election  was  submitted : 

President. 
Frederick  Fraley. 

Vice-Presidents. 
E.  Otis  Kendall,  J.  P.  Lesley,  Wm.  Pepper. 

Secretaries. 

George  F.  Barker,  George  n.  Horn,  Persifor  Frazer, 

Patterson  Du  Bois. 

Curators. 
J.  Cheston  Morris,  R.  Meade  Bache,  Benj.S.  Lyman. 

Treasurer. 
J.  Sergeant  Price. 
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Councilors. 

Wra.  A.  Ingham,  Chas.  S.  WurtP,  Robert  Patterson,  Henry 
Hartshorne,  Isaac  J.  Wistar,  in  place  of  Biobard  Yaux, 

deceased. 

Oq  motion,  the  thanks  of  the  Society  were  tendered  to  Judge 
Edmunds  and  his  associates  for  their  services  on  the  board  of 
election. 

Letters  of  envoy  from  the  Geological  Survey  of  India,  Cal- 
cutta ;  Naturwissenschaftlichem  Vereine,  Osnabriick,  Prussia  ; 
Society  of  Antiquaries,  London,  Eng.;  Direccion  General  de 
Estadistica,  Mexico,  Mex. 

Letters  of  acknowledgment  from  the  Linnean  Society  of  N. 
S.  Wales,  Sydney  (148, 146) ;  Geological  Survey  of  India,  Cal- 
cutta (147);  M.  G.  Tschermak,  Vienna,  Austria  (147);  Natur- 
wissenschaftl.  Gesellschaft  ''  Isis,"  Dresden,  Saxony  (147) ; 
Society  Italiana  d'Igiene,  Milan,  Italy  (143, 146) ;  Societal  Afri- 
cana  d'ltalia,  Naples,  Italy  (147);  R.  Accademia  di  Scienze, 
Lettere,  etc.,  Padua,  Italy  (143);  R.Comitato  Geologico  d'ltalia, 
Home  (147);  Dr.  Charles  S.  Wurts,  Philadelphia  (147);  Cali^ 
fornia  Academy  of  Sciences,  San  Francisco  (144,  145). 

Accessions  to  the  Library  weie reported  from  the  Schweiz. 
Naturfor.  Gesellschaft,  Schaffhausen ;  Thiiringische  Geschichte 
und  Altertumskunde,  Jena,  Germany;  Mr.  Horatio  Hale, 
Ottowa,  Canada;  Dr.  Samuel  A.  Green,  Boston,  Mass. ;  Dr. 
C.  A.  M.  Fennell,  Cambridge,  Mass.;  Prof.  E.  J.  James,  Mr.  B. 
S.  Lyman,  Philadelphia;  U.  S.  National  Museum,  U.  S. 
Dept.  of  Agriculture,  Washington,  D.C.;  Academy  of  Sciences, 
Department  of  Public  Works,  Chicago,  111.;  Agricultural 
Experiment  Station,  Ames,  la.;  Dr.  Jesus  Diaz  de  Leon, 
Aguascalientes,  Mexico ;  Sociedad  Cientifica,  "  Antonio 
Alzate,"  Mexico,  Mex. 

The  stated  business  of  the  meeting  being  the  nomination  of 
Librarian,  J.  Sergeant  Price  nominated  George  H.  Horn,  and 
E.  D.  Cope  nominated  Benj.  S.  Lyman. 

Prof.  Cope    made    a    verbal    communication    on    certain 


1896.]  ^ 

types  of  Saurians  in  completion  of  a  former  paper  on  the 
same  subject. 

Pending  nominations  1382  to  1831  were  read. 

Mr.  Wm.  A.  Ingham  moved  to  amend  Chapter  viii,  Section 
8  of  the  Laws,  by  striking  out  "  from  10  a.m.  to  1  p.m.,"  and 
inserting  "  at  such  hours  as  the  Society  may  by  resolution  from 
time  to  time  direct."     Laid  over  under  the  laws. 

The  Judges  of  election  reported  the  receipt  of  a  paper  ques- 
tioning the  eligibility  of  a  candidate.  As  they  deemed  the 
question  beyond  their  jurisdiction  the  paper  was  referred  to 
the  Society  for  action.  On  motion,  the  President  was  re- 
quested to  appoint  a  committee  of  three  to  investigate  and 
report  upon  it. 

After  reading  the  rough  minutes,  the  Society  was  adjourned 
by  the  presiding  member. 


Stated  Meeting^  January  17j  1896, 

President,  Mr.  Fralky,  in  the  Chair. 

Present,  86  members. 

Correspondence  was  submitted  as  follows : 

Invitation  from  the  Soci^t^  Imp^riale  Basse  de  Oeographie, 
St.  Petersburg,  to  attend  the  Fiftieth  Anniversary  of  its  foun- 
dation, February  2  (January  21),  1896. 

Letter  from  Mr.  Thomas  Meehan,  ottering  to  take  in  hand 
the  labeling  of  the  South  American  plants  from  Dr.  Barton's 
collection  belonging  to  the  Society,  and  suggesting  that  they 
be  deposited  in  the  herbarium  of  the  Academy  of  Natural 
Sciences,  Philadelphia. 

A  communication  from  the  Librarian  of  the  University  of 
Virginia,  Charlottesville,  stating  that  their  complete  set  of  the 
A.  P.  S.  Proceedings  was  destroyed  by  fire,  October  27, 18y5, 
was  referred  to  Secretaries  with  power  to  act. 

Letters  of  acknowledgment  (148)  were  received  from  the  Wag- 
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per  Free  Institute,  Franklin  Institute,  Historical  Society  of  Penn  - 
sjlvania.  College  of  Physicians,  Numismatic  and  Antiquarian 
Society,  Gen.  I.  J.  Wistar,  Hon.  Mayer  Sulzberger,  Profs.  John 
Aehhurst,  Jr.,  F.  A.  Genth,  Jr.,  H.  D.  Gregory,  James  Mao- 
Alister,  James  Tyson,  M.D.,  Drs.  John  H.  Brinton, W.  C.  Cattell, 
Samuel  G.  Dixon,  Ed.  A.  Foggo,  George  H.  Horn,  Morris 
Longstreth,  Charles  A.  Oliver,  Charles  Schaffer,  D.  K.  Tuttle, 
William  H.  Wahl,  Messrs.  R.  Meade  Bache,  Henry  C.  Baird, 
George  Tucker  Bispham,  Lorin  Blodget,  Arthur  E.  Brown, 
Jacob  B.  Eckfeldt,  Benjamin  Smith  Lyman,  Theodore  D. 
Rand,  J.  G.  Rosengarten,  F.  D.  Stone,  Philadelphia ;  Mr.  Heber 
S.  Thompson,  Pottsville,  Pa.;  Dr.  W.  H.  Appleton,  Swarth- 
more.  Pa.;  Dr.  John  Curwen,  Warren,  Pa.;  Prof.  J.  T.  Roth- 
rock,  West  Chester,  Pa.;  Prof.  Ira  Remsen,  Baltimore,  Md.; 
University  of  Virginia,  Prof.  J.  W.  Mallet,  M.D.,  Charlottes- 
ville. 

Accessions  to  the  Library  were  reported  from  the  Institut 
Egyptien,  Cairo;  Academic  Imp.  des  Sciences, St.  Petersburg, 
Russia ;  Friesch  Genootschap  van  Geschied,  etc.,  Leuwarden, 
Netherlands ;  Academic  des  Sciences,  Cracow,  Austria ;  K.  K. 
Geologische  Reichsanstalt,  Vienna,  Austria ;  Gesellschaft  lii.r 
Anthropologic,  Ethnologic,  etc.,  Berlin,  Prussia;  Gartenbau- 
verein,  Darmstadt,  Germany  ;  K.  Sachs.  Gesellschaft  der  Wis- 
pensch af ten,  Leipzig ;  Nassauischen  Vereine  fiir  Naturkunde, 
Wiesbaden,  Prussia ;  Biblioteca  N.  C.,Firenze,  Italia  ;  Soci^td 
de  Geographic,  Lille,  France ;  Redaction  Cosmos^  Le  Mqs.  de 
Nadaillac,  Paris,  France ;  Meteorological  Office,  R.  Geographical 
Society,  Editors  of  Nature^  R.  Microscopical  Society,  Editors  of 
The  Geological  Mayazine^  London,  Eng.;  Agricultural  Experi- 
ment Station,  Durham,  N.  H.;  Mass.  Historical  Society,  Bos- 
ton, Mass.;  Astronomical  Observatory  of  Harvard  College, 
Cambridge,  Mass.;  Essex  Institute,  Salem,  Mass.;  R.  I.  His- 
torical Society,  Providence;  Editors  of  The  American  Journal 
of  Science^  Yale  University,  New  Haven,  Conn.;  Editor  of  The 
Popular  Science  Monthly^  Academy  of  Sciences,  Editor  of 
The  Worlds  New  York,  N.  Y.;  College  of  Pharmacy,  Franklin 
Institute,    Amer.  Society    for  the   Extension  of  University 
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Teaching,  Mr.  Wharton  Barker,  Drs.  Persifor  Frazer,  Edmund 
J.  James,  Hon.  Samuel  W.  Pennypacker,  Philadelphia ; 
Oberlin  College  Library,  Oberlin,  O. 

A  photograph  for  the  Society's  Album  was  received  from  Mr. 
Thomas  Clarke,  New  York,  N.  Y. 

The  death  of  Mr.  Henry  Hazlehurst,  of  Philadelphia,  on 
January  11,  1896,  aet.  49,  was  announced,  and  the  President 
was  requested  to  appoint  a  member  to  prepare  an  obituary 
notice. 

Prof.  Cope  read  an  obituary  notice  of  Prof.  John  A.  Ryder. 

The  stated  business  of  the  meeting  being  the  choosing  of  a 
Librarian,  a  ballot  was  taken,  and  on  count  of  the  vote  the 
Tellers  announced  the  election  of  George  H.  Horn. 

The  choosing  of  Standing  Committees  being  in  order,  Mr. 
Prime  moved  that  they  be  appointed  by  the  President.  Car- 
ried unanimously. 

The  Special  Committee  appointed  to  inquire  into  the 
eligibility  of  candidates  and  electors  at  the  late  election  made  a 
report  which  was  received  and  the  Committee  discharged. 

Prof.  Hilprecht  presented  his  paper  on  "  Old  Babylonian 
Inscriptions,"  which  on  motion  was  referred  to  a  Special  Com- 
mittee to  examine  and  report.  The  President  appointed  Tal- 
cott  Williams,  Patterson  DuBois  and  J.  Sergeant  Price,  the 
Committee. 

Pending  nominations  Nos.  1332  to  1334  and  new  nomina- 
tions Nos.  1335  to  1345  were  read. 

On  motion  of  Dr.  Morris,  the  nominations  of  nonresidects 
were  referred  to  Council. 

On  motion  of  Mr.  Price,  the  Society  authorized  the  Treas- 
urer to  receive  payment  for  loan  of  the  city  of  Philadelphia 
now  due  and  payable. 

The  letter  of  Mr.  Meehan  regarding  South  American  plants 
in  our  cabinet  was  referred  to  the  Curators  to  report  at  the 
next  meeting. 

On  motion  of  Dr.  Frazer,  amended  by  Dr.  Brinton,  the 
Secretaries  were  directed  to  print  a  revised  list  of  surviving 
members  with  their  addresses. 
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The  amendmeDt  to  the  Laws  offered  at  last  meeting  was  con- 
sidered.   The  Librarian  gave  proof  of  advertisement. 

By  the  requisite  vote,  Chap,  viii,  Sec.  3,  was  amended  by 
striking  oat  **  10  A.M.  to  1  P.M./'  and  inserting  "  at  such  hoars 
as  the  Society  may  fix  by  resolution  from  time  to  time." 

The  rough  minutes  were  then  read,  and  the  Society  was 
adjourned  by  the  President. 


Stated  Meeting^  February  7,  1896, 
Present,  16  members. 

President,  Mr.  Fralby,  in  the  Chair. 

Correspondence  was  submitted  as  follows : 

A  letter  from  Prof.  George  H.  Smith,  Los  Angeles,  Cal., 
expressing  grateful  appreciation  of  the  honor  conferred  upon 
him  by  the  Society,  in  publishing  his  essay,  and  presenting 
him  with  two  hundred  and  fifty  copies. 

A  letter  from  Mr.  Benjamin  Sharp,  Philadelphia,  requesting 
for  the  Academy  of  Natural  Sciences  the  privilege  of  having 
a  microscopical  examination  made  of  two  pieces  of  Jade,  de- 
posited in  the  Museum  of  the  Academy.  On  motion,  this  re- 
quest was  referred  to  the  Curators. 

Acknowledgments  were  received  from  the  Institut  Egyp- 
tien,  Cairo  (147);  K.  K.  Bergakademie,  Leoben,  Austria 
(92-107,  110,  111,  113-120,  125-133,  135-147);  K.  K. 
Zoolog-botanische  Gesellschaft,  Vienna,  Austria  (147) ; 
Schlesische  Gesellschaft  fiir  vaterl.  Cultur,  Breslau,  Prussia 
(147) ;  Naturhistorische  Gesellschaft,  Hannover,  Prussia 
(147) ;  Naturhistorische  Gesellschaft,  Niirnberg,  Bavaria 
(147);  Verein  fiir  Naturkunde,  OfFenbach-a.-M.,  Germany 
(143,  146,  147) ;  K.  Geodatisches  Institut,  Potsdam,  Prussia 
(147);  Biblioteca  X.  C,  Firenze,  Italia  (147);  R.  Istituto 
di  Scienze,  etc.,  Milan,  Italy  (143,  146);  Observatorio  di 
Torino,  Torino,  Italia  (147,  and  Trans.  ^  xviii,  2);  Prof.  G. 
Sergi,  Rome,  Italy  (147);   Commission  des  Annales  des  Mines 
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(147  and  Trans.,  xviii,  2);  Mus^e  Guimet,  Paris,  France 
(147);  Literary  and  Philosopliical  Society,  Liverpool,  Eng. 
(147,  and  Trans, ,  xviii,  2);  Mass.  Historical  Society,  Boston, 
Mass.  (147) ;  Prof.  Edward  S.  Morse,  Salem,  Mass.  (147) ; 
Newberry  Library,  Chicago,  111.  (147) ;  Mnseo  Nacional, 
Buenos  Ayres,  Argentine  Republic  (147). 

Acknowledgments  (148)  were  received  from  Dr.  Alfred 
R.  C.  Selwyn,  Geological  Survey,  Ottawa,  Canada ;  Laval 
University,  Hon.  J.  M.  Le  Moine,  Quebec,  Canada;  Bowdoin 
College  Library,  Brunswick,  Me.;  N.  H.  Historical  Society, 
Concord;  Boston  Society  of  Natural  History,  Mass.;  Histori- 
cal Society,  Boston  Athenaeum,  Mass.  Institute  of  Technol- 
ogy, State  Library  of  Massachusetts,  Dr.  Samuel  A.  Green, 
Boston,  Mass.;  Museum  of  Comparative  Zoloogy,  Profs. 
Alexander  Agassiz,  N.  W.  Goodwin,  F.  W.  Putnam,  Dr. 
Justin  Winsor,  Mr.  Robert  N.  Toppan,  Cambridge,  Mass.; 
Essex  Institute,  Prof.  Edward  S.  Morse,  Salem,  Mass.;  Prof. 
Elihu  Thomson,  Swampscot,  Mass.;  Marine  Biological  Labo- 
ratory, Woods  Holl,  Mass.;  American  Antiquarian  Society, 
Worcester,  Mass.;  Brown  University,  Providence  Franklin 
Society,  R.  I.  Historical  Society,  Providence ;  Mr.  George  F. 
Dunning,  Farmington,  Conn.  ;  Conn.  Historical  Society,  Hart- 
ford; Prof.  H.  A.  Newton,  New  Haven,  Conn.;  Prof.  James 
Hall,  Albany,  N.  Y.;  Society  of  Natural  Science,  Buffalo, 
N.  Y.;  Prof.  Edward  North,  Clinton,  N.  Y.;  Profe.  J.  M. 
Hart,  W.  T.  Hewett,  Ithaca,  N.  Y.;  Historical  Society,  N. 
Y.  Hospital,  Columbia  College,  N.  Y.  Academy  of  Medicine, 
N.  Y.  Academy  of  Science,  Astor  Library,  Amer.  Museum 
of  Natural  History,  Hon.  James  C.  Carter,  Messrs.  Thos.  C. 
Clarke,  James  Douglas,  Profs.  Isaac  H.  Hall,  J.  J.  Steven- 
son, New  York,  N.  Y.;  Vassar  Brothers*  Institute,  Pough- 
keepsie,  N.  Y.;  Geological  Society  of  America,  Rochester, 
N.  Y.;  Prof.  W.  Le  Conte  Stevens,  Troy,  N.  Y.;  Oneida 
Historical  Society,  Utica,  N.  Y.;  U.  S.  Military  Academy, 
West  Point,  N.  Y.;  Free  Public  Library,  Jersey  City,  N.  J.; 
Prof.  Robert  W.  Rogers,  Madison,  N.  J.;  Natural  History 
Society,  Trenton,  N.  J.;   Dr.  R.   U.  Alison,  Ardmore,  Pa.; 
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Prof.  Martin  H.  Boy^,  Coopersburg,  Pa.;  Amer.  Academy 
of  Medicine,  Dr.  Traill  Green,  Prof.  J.  W.  Moore,  Rev.  Tlios. 
C.  Porter,  Easton,  Pa.;  Mr.  John  Fulton,  Johnstown,  Pa.; 
Prof.  L.  B.  Hall,  Haverford,  Pa.;  linnean  Society,  Lancas- 
ter, Pa. ;  Rev.  J.  W.  Robins,  Merion,  Pa. ;  library  Company, 
Prof.  n.  V.  Hilprecht,  Drs.  Edward  Foggo,  Persifor  Frazer, 
Sara  Y.  Stevenson,  Messrs.  H.  Clay  Trumbull,  Joel  Cook, 
Patterson  Du  Bois,  Robert  Patterson,  Benjamin  Sharp, 
Charles  Stewart  Wurts,  Ellis  Yamall,  Philadelphia,  Pa.  ; 
Rev.  F.  A.  Muhlenberg,  Reading,  Pal  ;  Mr.  Thos.  S.  Blair, 
Tyrone,  Pa.  ;  Mr.  Philip  P.  Sharpies,  West  Chester,  Pa.  ; 
Wyoming  Historical  Society,  Wilkesbarre,  Pa.;  Col.  Henry 
A.  Du  Pont,  Winterthur,  Del.;  Maryland  Institute,  Balti- 
more, Md.;  Mr.  T.  L.  Patterson,  Cumberland,  Md.;  U.  S. 
Artillery  Staff,  Fort  Monroe,  Va.  ;  Hon.  J.  R.  Tucker,  Lex- 
ington, Va.;  Mr.  Jed.  Hotchkiss,  Staunton,  Va. ;  Ga.  Histor- 
ical Society,  Savannah ;  Cincinnati  Observatory,  Cincinnati, 
O.;  Ohio  State  Archaeological  and  Historical  Society,  Col- 
umbus, O.;  Editors  of  Journal  of  Comparative  Neurology^ 
Granville,  O.  ;  Oberlin  College,  Oberlin,  O.  ;  Prof.  J.  L. 
Campbell,  Cra\vfordsville,  Ind.;  University  of  Illinois,  Cham- 
paign, 111.;  Field  Columbian  Museum,  Newberry  Library, 
Chicago,  111.;  Geological  Survey  of  Missouri,  Jefferson  City, 
Mo.;  State  Historical  Society  of  Wisconsin,  University  of 
Wisconsin,  Madison ;  la.  Masonic  Library,  Cedar  Rapids ; 
Academy  of  Natural  Sciences,  Davenport,  la.;  State  Histori- 
cal Society,  Iowa  City,  la.  ;  Editor  of  the  Kansas  University 
Quarterly^  Lawrence,  Kans.;  Academy  of  Science,  Wash- 
bum  College,  Topeka,  Kans.;  University  of  California,  Prof. 
Joseph  Le  Conte,  Berkeley,  Cal.;  Lick  Observatory,  Mt. 
Hamilton,  Cal.;  State  Mining  Bureau,  CaL  Historical  Society, 
Prof.  George  Davidson,  San  Francisco,  Cal.  ;  Prof.  J.  C. 
Branner,  Stamford  University,  Cal.  ;  Agricultural  Experi- 
ment Stations,  Kingston,  R.  I.;  Storrs,  Coim.;  P^xpcrimcnt, 
Ga.;  Knoxville,  Tenn.;  Agricultural  College,  Mich.;  Man- 
hattan, Kans.;  Lincoln,  Neb.  ;  Fort  Collins,  Colo.;  Tucson, 
Arizona. 
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Accessions  to  the  Library  were  reported  from  the  Asiatic 
Society  of  Japan,  Yokohama;  Soci^t^  Physico-Mathdmatique, 
Kasan,  Russia ;  Soci^t^  Imp.  des  Naturalistes,  Moscow,  Rus- 
sia ;  Soci^td  des  Naturalistes  de  la  Nouvelle  Russie,  Odessa ; 
Comity  G^ologique,  Imp.  Russian  Geographical  Society, 
St.  Petersburg ;  Statistika  Central  Byrans,  Stockholm,  Swe- 
den ;  Soci^td  R.  des  Antiquaires  du  Nord,  Copenhagen,  Den- 
mark; Academic  R.  des  Sciences,  etc.,  Etat  Ind^pendant  du 
Congo,  Bruxelles,  Belgique  ;  Soci^t^.Hongroise  de  Geogra- 
phic, Budapest;  K.  K.  Zool.-botanische  Gesellschaft,  Oester- 
reichische  Touristen-Club,  Vienna ;  Physiologische  Gesell- 
schaft, Verein  zur  Befcirderung  des  Gartenbaues,  Berlin, 
Prussia ;  K.  Sachs.  Meteorologisches  Institut,  Chemnitz ; 
Naturforschende  Gesellschaft,  Emden,  Prussia;  Naturfor- 
schende  Gesellschaft,  Freiburg-i.-B.,  Baden;  Deutsche 
Seewarte,  Hamburg,  Germany;  M.  Henri  de  Saussure,  Gene- 
va, Switzerland  ;  Soci^t^  des  Sciences  Phys.  et  Naturelles, 
Bordeaux,  France;  Socidt^  Historique,  Litteraire  etc.,  du 
Clur,  Bourges,  France ;  Soci^td  N.  des  Sciences  Nat.  et 
Math^matiques,  Cherbourg,  France ;  Soci^t^  de  Borda, 
Dax,  France,  ;  Union  Geographique  du  Nord  de  la  France, 
Douai,  France ;  Socidtd  des  Sciences  Nat.  et  Archaeologique 
de  la  Creuse,  Gu^ret,  France;  Socidtd  Languedocienne  de 
Geographic,  Montpellier,  France ;  Soci^t^s  G^ologique  de 
France,  de  Geographic,  de  TEnseignement,  de  Physique, 
d' Anthropologic,  Mus^e  Guimet,  Directeur  de  la  Redaction 
Melusinej  Museum  d^Histoire  Naturelle,  Ministre  des 
Travaux  Publics,  Paris,  France ;  M.  Ed.  Piette,  Rumigny, 
France ;  Society  des  Antiquaires  de  la  Morinie,  St.  Omer, 
France ;  Soci^td  de  Gdographie,  Toulouse,  France ;  R.  Acad- 
emia  de  la  Historia,  Madrid,  Spain;  Philological  Society, 
Cambridge,  Mass.;  R.  Astronomical  Society,  Royal  Society, 
London,  Eng.;  Geological  Society,  Manchester,  Eng.;  R. 
Society  of  Antiquaries  of  Ireland ;  Commissioner  of  Public 
Records,  Chief  of  Bureau  of  Statistics  of  Labor,  Mass.  Insti- 
tute of  Technology,  Boston,  Mass.;  Museum  of  Comp. 
Zoology,  Harvard  University,   Cambridge,  Mass.;   Travelen*' 
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Insurance  Co.,  Hartford,  Conn.;  Meteorological  Observatory, 
Amer.  Mathematical  Society,  Amer.  Institute  of  Electrical 
Engineers,  Amer.  Geographical  Society,  New  York,  N.  Y.; 
Mr.  R.  P.  Potts,  Camden,  N.  J.;  Free  Public  Library,  Jersey 
City,  N.  J.;  Penna.  Board  of  Charities  and  Committee  on 
Lunacy,  Harrisburg;  Engineers'  Club,  Maritime  Exchange, 
Hon.  G.  F.  Edmunds,  Dr.  Walter  M.  James,  Philadelphia ; 
Johns  Hopkins  University,  Editors  of  Chemical  Journal  and 
American  Journal  of  Philoloyy^  Baltimore,  Md.;  Anthropo- 
logical Society,  Smithsonian  Institution,  Departments  of  the 
Interior  and  State,  Washington,  D.  C;  Academy  of  Science, 
St.  Louis,  Mo.;  Editors  of  Journal  of  Comparative  Neurology^ 
Granville,  O.;  College  Library,  Oberlin,  O.;  State  Board  of 
Health,  Nashville,  Tenn.;  University  of  California,  Berkeley; 
Field  Columbian  Museum,  Academy  of  Sciences,  Historical 
Society,  Chicago,  111.;  Geological  and  Natural  History  Sur- 
vey of  Minnesota,  St.  Paul  ;  Agricultural  Experiment  Sta- 
tions, Amherst,  Mass.;  Ithaca,  N.  Y.;  State  College,  Pa.; 
Newark,  N.  J.;  Lafayette,  Ind.;  Minneapolis,  Minn.;  Observ- 
atorio  Meteorl.  Central,  Observatorio  Astron.  N.  de  Tacu- 
baya,  Mexico,  Mex.;  Observatorio  Meteorl.  Central  del  estado 
de  Veracruz  Llave,  Xalapa,  Mex. 

A  photograph  for  the  Society's  Album  was  received  from 
Dr.  Edward  A.  Foggo,  Philadelphia. 

Mr.  Sachse  presented  two  pictures.  The  one  is  a  copy  of  a 
pencil  sketch  of  the  Hall  of  the  Philadelphia  Academy,  in 
which  this  Society  held  its  meetings  for  many  years,  drawn 
to  scale  by  Pierre  E.  du  Simiti^rc.  The  other  picture  is  a 
print  published  in  1790  of  the  present  Hall  of  the  Society  as 
it  was  at  that  time. 

On  motion,  the  thanks  of  the  Society  were  voted  to  Mr. 
Sachse  for  his  gift.  The  Special  Committee  on  Prof.  Hil- 
precht's  Paper  on  Cuneiform  Inscriptions  reported  favorably, 
and  the  Publication  Committee  also  reported  recommending 
its  Dublicatlon.  On  motion,  the  paper  was  ordered  to  be 
published. 

On  behalf  of  the  Curators,  Dr.  Morris  reported  that  they 
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had  met  and  congidered  the  letter  of  Mr.  Meehan  \nth  refer- 
ence to  the  botanical  collections  of  Lewis  and  Clark,  and 
other  collections  such  as  those  of  Muhlenberg,  Burton,  Bet- 
tors and  Short,  now  in  the  museum  of  the  Society,  and  had 
passed  a  resolution  recommending  their  deposit  on  the  usual 
conditions  with  the  Academy  of  Natural  Sciences  ;  but  after 
further  examination  of  them  Mr.  Meehan  had  written,  stating 
that  unless  they  could  be  given  to  the  Academy  they  had 
better  remain  where  they  now  are,  and  expressing  a  desire 
that  the  Society  should  at  some  future  time  establish  a  herba- 
rium of  its  own,  to  which  he  thought  the  Academy  of  Natu- 
ral Sciences  would  gladly  contribute  some  of  its  duplicates. 

Dr.  Morris  moved  the  discharge  of  the  Curators  from  fur- 
ther consideration  of  the  matter  at  present. 

The  death  was  announced  of  the  Eev.  William  H.  Furness, 
D.D.,  on  January  30,  1896,  set.  93;  and  the  President  was 
requested  to  appoint  a  member  to  prepare  an  obituary  notice. 

The  President  annoimced  that  he  had  appointed  Dr.  Brin- 
ton  to  prepare  the  obituary  of  Henry  Hazlehurst,  and  F.  D. 
Stone  that  of  William  John  Potts,  and  that  the  appointments 
had  been  accepted. 

Prof.  Cope  made  a  communication  illustrating  by  black- 
board sketches  the  structure  of  heads  of  certain  Cetaceans. 

Pending  nominations  1332  to  1342  and  1344  and  1345  were 
read. 

Dr.  Brinton  asked  the  decision  of  the  Chair  as  to  whether 
any  action  could  be  taken  on  the  rjeport  of  the  Special  Com- 
mittee which  was  read  at  the  last  meeting. 

The  President  decided  that  the  matter  was  finally  con- 
cluded. 

Dr.  Green  moved  that  the  report  of  the  Committee  be  en- 
tered in  full  on  the  minutes.     Adopted. 

There  being  no  further  business,  the  rough  minutes  were 
read  and  the  Society  adjourned  by  the  President. 
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Stated  Meeting,  February  SI,  1896. 

Present,  51  members. 

The  President,  Mr.  Fraley,  in  the  Chair. 

After  the  meeting  had  been  called  to  order,  Dr.  Frazer 
moved  that  the  regular  order  of  business  be  suspended  until 
after  the  demonstration  of  the  Rdntgen  ray,  and  that  the  Pres- 
ident be  authorized  at  his  discretion  at  the  close  of  the  dis- 
cussion to  declare  the  meeting  adjourned  until  February  28. 

The  motion  having  been  carried  by  the  requisite  affirma- 
tive vote.  Dr.  Goodspeed  was  given  the  floor,  and  presented 
the  entire  subject  in  detail. 

Prof.  Houston  followed  with  a  discussion  of  the  subject 
from  its  electrical  side. 

Mr.  Sachse  followed  in  its  photographic  relations,  and  gave 
his  experiences  with  different  styles  of  plates. 

Prof.  Eobb  stated  that  he  had  in  his  laboratory  repeated 
the  Rontgen  experiments  and  found  that  a  Crooke's  tube  was 
not  essential. 

Mr.  Carbutt  gave  his  experience  in  the  manufacture  of 
plates,  dwelling  on  the  probable  utility  of  those  with  a  cellu- 
loid basis. 

Mr.  Jos.  Wharton  exhibited  a  tube  containing  argon,  and 
showed  its  action  under  the  induction  current. 

Dr.  Pepper  exhibited  photographs  from  Prof.  John  Cox,  of 
McGill  University,  one  of  which  illustrated  the  method  of 
obtaining  a  confirmation  of  the  suspected  position  of  a  bullet 
between  the  tibia  and  fibula. 

The  papers  of  these  speakers  will  be  found  in  the  Proceed- 
inys^  in  exttnso,  together  with  the  discussion  which  ensued. 

Dr.  Frazer  moved  the  thanks  of  the  Societv  to  the  Electric 
Storage  Battery  Renting  Co.  for  their  loan  of  a  storage  bat- 
tery for  the  present  demonstration. 

At  10.30  the  President  declared  the  meeting  adjourned  un- 
til Friday,  February  28. 


1896.]  13 

Adjourned  Meeting^  February  S8,  1896. 
The  Vice-President,  Dr.  P^ppbb,  in  the  Chair. 

Letters  of  envoy  from  the  Verein  fiir  Schlesische  Insekten- 
kunde,  Breslau,  Prussia;  K.  Sachsische  Gesellschaft  der  Wis- 
senschaften,  Leipzig ;  Soci^t^  des  Sciences  Physiques  et  Nat- 
urelles,  Bordeaux,  France ;  University  de  Lyon,  France ; 
Faculty  des  Sciences,  Marseilles,  France ;  Meteorological 
Office,  British  Association  for  Advancement  of  Science,  R. 
Statistical  Society,  London,  Eng.;  Field  Columbian  Museum, 
Chicago,  111.;   State  Librarian,  Washington,  D.  C. 

Letters  of  acknowledgment  were  received  from  the  South 
African  Philosophical  Society,  Cape  Town  (143,  146,  147) ; 
Royal  Society  of  Victoria  (143,  146) ;  Royal  Mint,  Melbourne, 
Australia  (143,  146);  K.  Norske  Videnskabers  Selskab, 
Throndhjein,  Norway  (147) ;  Royal  Society  of  Sciences, 
Upsal,  Sweden  (143,  146,  147,  and  Tram,,  xviii,  2);  R. 
Danske  Videnskabemes  Selskab,  Copenhagen  (147,  and 
Tra7is,,  xviii,  2);  Verein  der  Freunde  der  Naturgeschichte, 
Mecklenburg,  Germany  (147) ;  R.  Istituto  Lombardo  di  Sci- 
enze  e  Lettere,  Milan,  Italy  (147) ;  Accademia  R.  delle  Sci- 
enze,  Torino,  Italia  (147) ;  Academic  des  Sciences  et  Belles- 
Lettres,  Angers,  France  (143,  147) ;  Socidtd  N.  des  Sciences 
Nat.  et  Math^matiques,  Cherbourg,  France  (143,  144,  146)  ; 
University  de  Lyon,  France  (147);  Nova  Scotia  Society  of 
Natural  Science,  Halifax  (148) ;  Public  Library,  Boston,  Mass. 
(148) ;  Harvard  University,  Cambridge,  Mass.  (148) ;  Free 
Public  Library,  New  Bedford,  Mass.  (148) ;  Mercantile 
Library  (148),  Mrs.  Helen  Abbott  Michael  (148),  Mr.  Wil- 
liam  A.  Ingham  (147,  148),  Hon.  James  T.  Mitchell,  Dr.  C. 
N.  Peirce,  Messrs.  Coleman  Sellers,  Samuel  Wagner,  Phila- 
delphia (148) ;  Lackawa.  Institute  of  History  and  Science, 
Scranton,  Pa.  (148) ;  Maryland  Historical  Society,  Baltimore 
(148);  Smithsonian  Institution  (452  packages),  U.  S.  Geolog- 
ical  Survey  (147,  148,  and  Trans,,  xviii,  2),  U.  S.  Naval 
Observatory,  U.  S.  Patent  Office,  Surgeon-GeneraFs  Office, 
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Coast  and  Geodetic  Survey,  U.  S.  Weather  Bureau,  Dr.  W. 
J.  Hoffman,  Rt.  Rev.  John  J.  Keane,  Prof.  Charles  A. 
Schott,  Washington,  D.  C.  (148);  Prof.  E.  W.  Claypole, 
Akron,  O.  (147);  Prof.  G.  W.  Hough,  Evanston,  111.  (148); 
Editor  of  Ajan»a5  University  Quarterly^  hawrence  (145,  146, 
147) ;  University  of  Wyoming,  Laramie  (148) ;  Agricultural 
Experiment  Stations,  Raleigh,  N.  C.  (148) ;  Auburn,  Ala. 
(148) ;  Agricultural  College,  Michigan  (145) ;  Observatorio 
Astronomico  de  Tacubaya,  Mexico  (148) ;  Mariano  Barcena, 
Mexico,  Mex.  (148);  Observatorio  Meteorologico  Central, 
Xalapa,  Mexico  (148). 

Accessions  to  the  Library  were  reported  from  the  Royal 
Society  of  S.  Australia,  Adelaide  ;  Academic  R.  des  Sciences, 
etc.,  Copenhagen,  Denmark;  Nederland,  Maatschappij  bevor- 
dering  Nijverheid,  Amsterdam ;  Geschichtsvereins,  Aachen, 
Prussia;  Naturhist.  Verein  der  Preuss.  Rheinlande,  etc., 
Niederrhein.  Gesellschaft,  Bonn,  Prussia;  Verein  fiir  Schle- 
sische  Insektenkunde,  Breslau,  Prussia ;  Oberlausitz.  Gesell- 
schaft der  Wissenschaften,  Gorlitz,  Prussia;  Mr.  Augustus 
R.  Grote,  Hildesheim,  Prussia ;  K.  Siichsische  Gesellschaft 
der  Wissenschaften,  Leipzig ;  Deutsche  Gesellschaft  fiir 
Anthropologic,  etc.,  Munich,  Bavaria  ;  R.  Accademia  di  Sci- 
enze,  etc.,  Modena,  Italy;  Societa  R.  di  Napoli,  Italia;  R. 
Accademia  dei  Lincei,  Rome,  Italy  ;  R.  Accademia  delle  Sci- 
enze,  R.  Osservatorio,  Turin,  Italy;  University  de  Lyon, 
France ;  Facultd  des  Sciences,  Marseilles,  France ;  Prof. 
Gabriel  de  Mortillet,  St.  Germain-en-Laye,  France ;  R.  Sta- 
tistical Society,  British  Association  for  Advancement  of  Sci- 
ence, Society  of  Arts,  Zoological  Society,  Meteorological 
Council,  Society  of  Antiquaries,  London,  Eng.;  Royal  Geo- 
logical Society  of  Cornwall,  Penzance,  Eng.;  Nat.  History 
and  Philosophical  Society,  Belfast,  Ireland ;  Royal  Society  of 
Echnburgh,  Scotland ;  Philosophical  Society,  Glasgow,  Scot- 
land ;  Geological  Survey  of  Canada,  Ottawa ;  AtheniBum, 
Boston,  Mass.;  PubUc  Library,  Salem,  Mass.;  Amer.  Chem- 
ical Society,  Amer.  Museum  Nat.  History,  New  York,  N. 
Y.;     Central   Library,    Syracuse,     N.    Y.;     Historical    and 
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Library  Association,  Yonkers,  N.Y.;  Amer. Chemical  Society, 
Amer.  Academy  of  Medicine,  Easton,  Pa.;  Penna.  Society  to 
Prevent  Cruelty  to  Animals,  Girard  College,  Historical  Socie- 
ty of  Pennsylvania,  Mercantile  Library,  Penna.  Forestry  Asso- 
ciation, Messrs.  Guy  Hinsdale,  William  A.  Ingham,  Edmund 
J.  James,  J.  G.  Rosengarten,  Julius  F.  Sachse,  Philadelphia ; 
Enoch  Pratt  Free  Library,  Peabody  Institute,  Baltimore, 
Md.;  Department  of  Labor,  Washington,  D.  C;  Universi- 
ty  of  Virginia,  Prof.  J.  W.  Mallet,  Charlottesville,  Va.; 
Artillery  School,  Fort  Monroe,  Va.,  Elisha  Mitchell  Scien- 
tific Society,  Chapel  Hill ;  Mr.  Charles  Gildehaus,  St.  Louis, 
Mo.;  Michigan  Mining  School,  Houghton;  Agricultural  Ex- 
periment Stations,  Kingston,  R.  I.;  Albany,  N.  Y.;  Geneva, 
N.  Y.;  Jacksonville,  Fla.;  Agricultural  College,  Miss., 
Knoxville,  Tenn.;  Denison  University,  Granville,  O.; 
Agricultural  Experiment  Station,  Lsxingtoh,  Ky.;  Iowa 
State  Historical  Society,  Iowa  City ;  Kansas  University, 
Lawrence;  Agricultural  College,  etc.,  Cheyenne,  Wyo.; 
Colorado  Scientific  Society,  Denver ;  Agricultural  Experiment 
Stations,  Fort  Collins,  Colo.;  Tucson,  Ariz.;  Asociacion 
de  Ingenieros,  etc.,  Observatorio  Meteorol6gico  Central, 
Instituto  Geologico,  Mexico,  Mex.;  Observatorio  Astro- 
nomico,  Quito,  Mex.;  Sociedad  Cientifica  Argentina,  Buenos 
Ayres,  Argentine  Republic,  S.  A.;  Museo  de  La  Plata, 
Argentine  Republic,  S.  A. 

A  circular  letter  from  the  Naturhistorisch.  Vereine  der 
Preussischen  Rheinlande,  Westfalens  und  des  Regierungsbe- 
zirks  Osnabriick,  Prussia,  announced  the  death  of  its  Secre- 
tary, Prof.  Dr.  Philipp  Bertkau. 

The  Council  reported  that  at  the  meeting  held  February  14 
the  Committee  on  Premiums  had  been  named,  to  consist  of 
Messrs.  Pepper,  Frazer,  Ingham,  DuBois,  Morris,  Wistar 
and  Tatham. 

Propositions  for  membership  1332  and  1334  were  recom- 
mended to  be  postponed  for  further  information,  and  1335 
and  1344  were  recommended  for  approval. 

It  was  recommended  that  the  first  meetings  in  February, 
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May  and  November  be  designated  for  the  presentation  and 
free  discussion  of  subjects  of  broad  philosophic  interest,  and 
that  a  Committee  of  five  be  appointed  to  make  the  necessary- 
preparations  therefor. 

The  recommendations  of  the  Board  of  Officers  and  Council 
were  approved  and  the  Chairman  referred  the  appointment 
of  the  Committee  to  the  President  of  the  Society. 

The  following  deaths  were  announced  : 

Hon.  Henry  Reed,  Philadelphia,  February  23,  1896,  8et.  49. 

Dr.  Owen  Jones  Wister,  Philadelphia,  February  24,  1896, 
8et.  70. 

The  President,  by  letter,  announced  that  he  had  appointed 
J.  G.  Rosengarten  to  prepare  the  obituary  of  Rev.  W.  H. 
Furness,  D.D.,  and  that  the  appointment  had  been  accepted. 

The  stated  business  of  the  meeting  being  the  election  of 
members,  the  nominations  were  spoken  to,  and  the  ballots 
cast,  Secretaries  Frazer  and  DuBois  acting  as  Tellers. 

The  following  papers  were  presented  for  publication  in  the 
Transactions  of  the  Societv  : 

An  essay  on  ^^The  Development  of  the  Mouth  Parts  of 
Certain  Insects,''  by  J.  B.  Smith,  Sc.D. 

**A  New  Method  of  Determining  the  Perturbations  of  the 
Minor  Planets,"  by  AVm.  McKnight  Ritter,  M.A.'' 

On  motion,  referred  to  Committees  for  examination  and 
report. 

The  Tellers  being  prepared  to  report,  announced  that 

2278.  Dr.  A.  E.^Kennclly,  Philadelphia  ; 

2279.  Wm.  Pitts  Mason,' Troy,  N.  Y.; 

2280.  liev.  H.  C.  McCook,  Philadelphia  ; 

2281.  Henry  Pettit,  Overbrook,  Pa.; 
had  been  elected. 

The  Society,  on  motion,  adjourned. 
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&  MEETING  OF  THE  AMERICAN  PMILOSOPHICAL  BOCI&TY  HEID  FEBRUARY  7,  < 
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RemarJcM  made  at  the  Demaiutration  of  the  Rontgtn  Ray^ 
at  Stated  Meeting,  Fehruary  Bl,  1896, 

Prof.  Goodspeed  describes  his  apparatas  as  follows : 

In  order  to  economize  time  it  may  be  worth  while  for  me  to  call  your 
attention  very  briefly  to  the  apparatus  that  we  will  use  to-night,  before 
beginning  the  reading  of  the  regular  paper.  We  have  here  two 
terminal  wires  which  are  supplied  with  the  electric  current  from  several 
storage  batteries  which  are  behind  a  screen.  The  electro-motive  force 
is  about  sixteen  volts.  This  induction  coil  which  is  to  furnish  the  cur- 
rent to  stimulate  the  tube  has  a  primary  resistance  of  about  three-tenths 
ohm.  The  resistance  of  the  secondary  coil  is  about  3200  ohms,  dead 
resistance.  By  passing  the  primary  current  through  the  small  resist- 
ance coil  and  interrupting  it  frequently,  as  you  all  know,  we  produce 
an  induced  current  in  the  high  resbtance  secondary  coil.  It  is  the  dis- 
charge of  this  induced  current  through  the  Crookes  tube  which  you  see 
here  that  produces  the  green  phosphorescence  and  secondarily,  prob- 
ably, produces  or  sets  up  the  form  of  energy  with  which  we  are  to  deal 
this  evening. 

In  order  to  make  a  test  case  I  will  place  this  little  pocketbook,  with 
a  couple  of  coins  and  an  iron  key  inside  it,  upon  a  sensitive  photo- 
graphic plate,  which  is  placed  upon  the  table  wrapped  in  several  thick- 
nesses of  light-tight  paper.  The  plate,  as  you  will  see,  is  three  or  four 
inches  below  the  lower  end  of  the  tube.  The  tube  is  much  larger  than 
is  usually  seen ;  and  for  that  reason,  probably,  is  more  efficient.  *  The 
internal  pressure  is  probably  about  one  one-millionth  of  an  atmosphere. 
The  exposure  may  continue  during  the  reading  of  the  paper.  Subse- 
quently we  will  have  the  plate  developed. 

The  ROntgen  Phenomena. 

OeniUmen : — Never  before  in  the  history  of  science  has  a  new  discoTery 
commanded  such  intense  and  universal  interest  as  that,  some  of  the 
features  of  which  we  have  met  here  to-night  to  witness.  Less  than 
two  months  ago,  the  civilized  world  was  startled  at  the  unofficial  an- 
nouncement that  Prof.  Rdntgen,  of  Wurzburg,  had  discovered  a  form 
of  energy  probably  related  to  radiation,  which  would  pass  through 
many  substances  that  were  opaque  to  known  forms  of  ether  energy. 
An  interesting  point  in  this  connection  was  that  glass,  ordinarily  so 
transparent  to  light,  seemed  to  be  quite  opaque  to  the  new  energy. 
Since  the  original  paper  of  Rontgen  has  appeared,  we  have  learned  that 
the  discovery  referred  to  resulted  from  a  series  of  experiments  on  fluo- 
rescence. The  important  pieces  of  apparatus  that  were  used,  and  which 
we  have  before  us  this  evening,  consist  of  an  inductorium  with  its 
secondary  coil  connected  to  a  well -exhausted  Crookes  tube.  A  high 
degree  of  exhaustion  is  noted  by  the  absence  of  a  bluish  halo  about  one 
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or  both  of  the  terminals.  The  internal  pressure  is  about  one  one-mil- 
lionth of  an  atmosphere.  The  earliest  form  of  vacuum  tube,  constructed 
nearly  fifty  years  ago,  was  exhausted  to  about  one  one-hundredth  of  an 
atmosphere,  and  on  the  passage  of  an  electric  discharge,  glowed 
throughout  its  length  with  a  purplish-blue  color.  As  the  efllciency  of 
the  pump  increased,  higher  vacuum  became  easy  and  the  phenomenon 
of  the  dark  space  about  the  cathode  was  described  and  exhibited  to  the 
British  Association  by  Crookes  in  1879.  As  the  exhaustion  is  increased 
the  dark  space  may  enlarge  so  as  to  extend  throughout  the  length 
of  the  tube.  Under  these  conditions,  the  position  of  the  anode  is  of  little 
consequence,  and  under  the  action  of  the  discharge  the  whole  bulb 
becomes  fluorescent  with  green  or  blue  according  to  the  kind  of  glass. 

"  Cathode  rays  "  is  a  term  applied  to  the  disturbance  which  seems  to 
start  at  the  cathode  within  the  tube,  and  extend  in  straight  lines  to  the 
opposite  side.  These  rays  are  capable  of  being  deflected  by  a  magnet, 
and  were  supposed  by  Crookes  to  consist  of  the  molecules  of  the  resi- 
dual gas  projected  with  great  speed  from  the  cathode  terminal  and 
impinging  upon  the  walls  of  the  tube.  In  the  language  of  molecular 
kinetics,  it  may  be  said,  then,  that  the  mean  free  path  of  the  molecule 
in  one  of  these  highly  exhausted  tubes,  has  become  greater  than  the 
length  of  the  tube.  It  was  discovered  in  1890  by  Hertz  that  these 
cathode  rays  can  pass  through  some  solid  substances,  e.  g.,  aluminum, 
while  others  he  found  to  be  opaque.  Lenard,  the  assistant  of  Hertz, 
in  1894,  passed  the  cathode  rays  outside  the  tube,  through  a  small 
aluminum  window,  placed  in  the  wall  of  the  tube  opposite  the  cathode. 
This  window  had  to  be  very  thin  to  facilitate  the  issue  of  the  rays,  and 
yet  thick  enough,  compared  with  its  size,  to  withstand  the  pressure  of 
the  atmosphere.  Consequently,  the  area  was  very  small.  Lenard  also 
obtained  shadow  records  on  photographic  plates  by  interposing,  between 
the  aluminum  window  and  the  plate,  opaque  bodies. 

The  cathode  rays  when  impinging  upon  the  Lenard  window  do  not 
issue  in  a  direction  collinear  with  their  former  direction  ;  but  seem  to 
spread  in  all  directions  like  a  beam  of  light  passing  beyond  a  very  small 
aperture.  The  transparency  of  substances  for  these  rays  seemed  to  be 
closely  related  to  their  density.  For  example,  in  the  case  of  gases, 
hydrogen  was  found  to  behave  like  oxygen  if  it  were  compressed  until 
its  density  became  equal  to  that  of  the  oxygen.  Transparency  to  these 
rays  seemed  to  have  no  relation  to  electric  conductivity. 

With  reference  to  leaving  out  the  aluminum  window  and  replacing  it 
by  merely  the  glass  of  the  tube,  Lenard  said  (Electrician,  Vol. 
xxxii,  p.  576)  :  "On  replacing  the  aluminum  window  by  one  of  glass, 
it  was  found  "  possible  to  repeat  all  the  essential  experiments  with  equal 
success.  But  the  aluminum  remains  the  more  suitable,  not  that  it  is 
the  more  transparent,  but  because  aluminum  is  opaque  to  light,  and 
more  easily  manipulated  than  glass  of  equal  thickness,"  So  we  see  that 
Lenard  actually  obtained  results  in  about  the  same  way  that  we  are  ex- 
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perimenting  now.  Dr.  Oliver  Lodge,  of  Liverpool,  tried  two  years  ago 
to  repeat  this  very  experiment,  with  a  tube  of  rather  thick  glass, 
'* Failing,"  to  use  his  own  words,  **  simply  by  reason  of  insufficient 
pertinacity."  This  is  doubtless  the  case,  since  Lodge  has  lately  repeated 
Rontgen*s  experiment  with  that  same  tube,  obtaining  results  "through 
a  quarter  inch  of.  wood  and  a  sheet  of  aluminum,  provided  something 
like  a  half  an  hour's  exposure  is  allowed"  (iCUctriciany  Vol.  xxxvi, 
p.  438). 

Opinions  differ  as  to  whether  the  rays  used  by  Lenard  were  the  same 
as  those  producing  the  Rdntgen  phenomena.  As  has  been  said, 
cathode  rays  are  deflected  by  a  magnet,  while  the  R6ntgen  rays  seem 
not  to  be.  The  Lenard  rays,  also,  were  shown  to  be  capable  of  deflec- 
tion by  a  magnet  under  certain  conditions.  Rdntgen,  himself,  is  of  the 
opinion  that  the  new  energy  is  some  form  of  ether  wave  motion  per- 
haps longitudinal,  and  Lord  Kelvin,  I  think,  maintains  the  same  views. 
Other  English  authorities  seem  to  be  divided  between  the  ultra-violet 
theory  and  the  longitudinal  wave  theory. 

Dr.  Lodge  in  a  lecture  before  the  Liverpool  Physical  Society,  January 
27,  1896,  expressed  himself  as  rather  favoring  the  opinion  that  the 
Rdntgen  rays  are  highly  electrifled  material  particles,  traveling  with 
very  great  velocity.  In  a  recent  article  (SUctrieian,  Vol.  xxxvi,  p. 
430),  Lodge  says,  that  '*He  permits  himself  to  doubt  and  inclines  to  u 
sort  of  electrolytic  impulsive  propagation,  through  and  by  means  of 
ordinary  matter ;  in  spite  of  the  immensely  important  fact  that  Prof. 
Rdntgen  can  detect  in  his  rays  no  magnetic  deflectibility  whatever." 
In  concluding  the  article  referred  to.  Lodge  says,  "Meanwhile,  the 
possibility,  even  the  probability,  that  in  these  rays  we  have  a  new  kind 
of  radiation,  even  though  it  be  only  ultra-violet,  so  high  up  as  to  be 
comparable  to  the  size  of  molecules,  lends  to  these  experiments  a 
prodigious  interest  in  the  eyes  of  physicists,  far  surpassing  the  obvious 
practical  applications  which  have  gained  the  ear  of  the  general  public." 

Since  writing  the  above,  Lodge  has  himself  repeated  the  magnetic 
experiment  with  very  great  care,  finding  no  deflection  (ffUctrieiaii, 
Vol.  xxxvi,  p.  471),  and  expresses  himself  as  follows  :  "Consequently, 
the  hypothesis  of  a  stream  of  electrified  particles  is  definitely  dis- 
proved, as  no  doubt  had  already  been  done  in  reality  by  Prof.  Rontgen 
himself." 

It  seems  that  Lenard  had  arrived  at  the  conclusion  that  he  was  deal- 
ing with  two  classes  of  rays,  as  regards  their  deflectibility  by  a  magnet. 
The  question  may  still  arise  then.  May  not  the  Rdntgen  rays  be  the  un- 
deflectible  Lenard  rays  ? 

The  ultra-violet  theory  is  said  to  be  favored  by  Professors  Schuster 
and  Fitzgerald.     One  ditflculty  is,  that  some  electrical  conductors  are 
practically  transparent  to  the  new  radiation.     To  waves  of  light  of 
every  kind  they  ought  to  be  opaque  according  to  Maxwell's  theory. 
However,  the  fact  that  gold  and  some  other  metals,  when  excessively 
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thin,  are  translucent  has  long  presented  a  difficulty,  which  is  only  par- 
tially overcome  by  the  assumption,  that  **the  structure  is  not  infinitely 
fine-grained,  with  respect  to  the  size  of  the  light  waves."  It  may  not 
be  too  much  to  suppose  that  these  new  waves  are  comparable  in  size 
with  the  molecules,  or  even  the  atoms,  of  matter. 

The  theory  of  Prof.  Rdntgen,  already  referred  to,  that  the  new 
energy  is  longitudinal  ether-wave  motion,  surely  must  not  be  ignored, 
especially  as  it  seems  to  be  supported,  among  others,  by  the  dis- 
tinguished mathematical  physicist,  Prof.  Boltzmann,  of  Vienna.  There 
are  difficulties  in  supposing  the  ether  to  be  compressible,  yet  it  must 
assume  the  efiects  of  compressibility,  if  it  is  to  transmit  a  periodic  dis- 
turbance with  finite  speed. 

Rdntgen's  own  theory  seems  well  supported  by  G.  Jaumann  (Wiede- 
mann's AnnaUfi,  January,  1806),  who  has  shown  in  a  recent  article 
that  by  a  little  change  in  Maxwell's  equations,  to  satisfy  the  conditions 
of  high  rarefaction,  which  is  met  with  in  a  Crookes  tube,  longitudinal 
ether  waves  are  possible,  which  would  possess  many  of  the  properties 
of  the  new  rays. 

That  the  new  energy  does  not  consist  of  cathode  rays  alone,  seems  to 
be  proved  by  the  remarkable  experiment  of  J.  J.  Thomson,  who  placed 
a  protected  plate  inside  the  vacuum  tube,  exposed  to  the  direct  cathode 
stream,  and  got  no  result  (Lodge,  Electrician,  Vol.  xxxvi,  p.  478). 
The  same  experimenter  has  suggested  an  efficient  and  quick  way  of  de- 
tecting the  presence  of  Rontgen  rays.  An  insulated  metal  plate  elec- 
tricaHy  charged,  either  positively  or  negatively,  quickly  loses  its  charge 
when  in  the  presence  of  the  rays.  This  occurs  even  when  the  plate  is 
entirely  embedded  in  the  best  insulators.  It  follows,  then,  that  all  sub- 
stances become  electrical  conductors,  when  under  the  influence  of  the 
Rontgen  discharge. 

Should  the  longitudinal  ether-wave  theory  be  demonstrated  to  be  the 
true  one.  Prof.  Rontgen's  discovery  would  be  the  greatest  of  the  age, 
and  will  open  up  a  vast  new  field  for  experimental  research,  and  will 
likely  lead  to  more  definite  views  concerning  the  nature  of  the  luminif- 
erous  ether. 

Soon  after  the  announcement  of  this  wonderful  discovery,  we  began 
to  experiment  in  the  Physical  Laboratory  of  the  University  of  Pennsyl- 
vania, at  first  rather  skeptically  and  quite  in  the  dark  as  to  the  exact 
method  of  procedure.  As  the  earlier  statements  implied  the  necessity  of 
two  induction  coils,  the  primary  of  one  connected  to  the  secondary  of 
the  other,  we  were  somewhat  embarrassed  as  we  did  not  have  two  that 
could  be  efficiently  joined  in  that  way.  To  show  the  importance  at- 
tached to  this  point  by  early  imitators  of  Rdntgen  abroad,  let  me  quote 
a  statement  by  A.  A.  C.  Swinton,  who,  I  am  told,  was  the  first  in  Eng- 
land to  repeat  some  of  Riintgen's  experiments.  He  says  {Nature,  Vol. 
liii,  p.  277),  "So  far  as  our  own  experiments  go,  it  appears  that,  at  any 
rate,  without  very  long  exposures,  a  sufficiently  active  excitation  of  the 
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Crookes  tube  U  not  obtained  by  direct  connection  to  an  ordinary 
Rhumkorflf  induction  coil,  even  of  a  large  size.  80  called  *  high  fre- 
quency currents,'  however,  appear  to  give  good  results,  and  our  own 
experiments  have  been  made  with  a  tube  excited  by  current,  obtained 
from  the  secondary  circuit  of  a  Tesla  oil  coil  through  the  primary  of 
which  were  continually  discharged  twelve  half  gallon  Leyden  jars, 
charged  with  an  alternating  current  of  about  twenty  thousand  volts 
pressure,  produced  by  a  transformer  with  a  spark  gap  across  its  high- 
pressure  terminals." 

Having  no  such  apparatus  as  this  at  the  University,  and  thinking  that 
possibly  some  indication  might  be  obtained  from  a  simpler  arrange- 
ment, we  left  out  the  second  coil  and  joined  the  tube  directly  to  the 
secondary  of  the  first  coil.  The  coil  we  are  using  was  constructed  by 
Apps,  of  London.  It  has  a  primary  resistance  of  about  0.8  of  an  ohm, 
and  a  secondary  resistance  of  about  3200  ohms.  The  Crookes  tube 
which  is  one  of  the  collection  in  the  physical  cabinet  at  the  University, 
is  a  shadow  tube  nearly  twenty-five  centimeters  long  and  eleven  centi- 
meters in  diameter  at  its  larger  end. 

The  first  result  that  was  unmistakably  a  success  was  obtained  on 
Wednesday,  February  5.  A  small  slip  of  glass  and  a  piece  of  sheet 
lead,  together  with  a  wedge  of  wood,  were  held  in  place  upon  a  sensi- 
tive photographic  plate  by  elastic  bands,  and  the  whole  enclosed  light 
tight  in  an  ordinary  plate  holder.  This  was  placed  horizontally  upon  a 
table,  eight  or  ten  centimeters  below  the  large  end  of  the  Crookes  tube. 
An  exposure  of  twenty  minutes  produced,  upon  development,  a  sharp 
impression  of  the  objects,  the  glass  and  lead  appearing  opaque,  while 
the  portion  of  the  plate  covered  by  the  wood  was  hardly  less  aff*ected 
than  the  parts  entirely  unprotected.  The  sight  was  startling  at  first  as 
every  experimenter  who  gets  the  result  for  the  first  time  can  testify. 
This  experiment  was  immediately  followed  by  an  attempt  to  obtain  a 
skeleton  view  of  the  hand,  the  result  of  which  will  be  shown  by  the  first 
slide. 

From  that  time  until  the  present,  many  experiments  of  a  varied 
nature  have  been  tried,  the  object  being  to  investigate  substances  with 
reference  to  their  transparency  ;  to  detect,  if  possible,  refraction  or  re- 
fiection ;  to  determine  the  action  of  various  crystals  cut  in  different 
ways  with  reference  to  the  optic  axis  ;  and  a  few  experiments  to  test 
the  possible  efficiency  of  a  special  method  of  treating  the  sensitive  film. 

Early  associated  with  the  writer  was  Dr.  H.  W.  Cattell,  who  obtained 
some  very  curious  cases  of  malformation  of  the  hand  and  fingers,  and 
produced  results  which  have  proved  extremely  interesting  from  a  surgi- 
cal point  of  view. 

Our  experiments  on  crystals  have  not  resulted  in  much  that  is  inter- 
esting, except,  perhaps,  in  one  case  which  I  will  refer  to  presently. 
One  plate  exposed  had  upon  it  a  tourmaline,  a  double  image  prism,  a 
Nicol  prism,  an  amethyst,  an  irregular  quartz  crystal,  some  mica  discs. 
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and  some  quartz  plates  with  parallel  sides.  These  all  seemed  to  be 
rather  opaque,  though  I  think  the  exposure  was  probably  too  short. 
We  shall  experiment  in  this  line  at  another  time. 

The  second  slide  shows  the  skeleton  of  a  lady's  hand,  which,  as  far 
as  I  know,  is  the  first  that  has  been  produced. 

The  third  slide  illustrates  the  difference  in  the  density  of  the  nega- 
tive caused  by  times  of  exposure  on  the  four  quarters  of  the  plate  of  five, 
ten,  twenty,  forty-five  minutes  respectively.  During  the  exposure  of 
each  quarter,  the  rest  of  the  plate  was  protected  by  metallic  screens. 
The  test  objects  on  the  plate,  are  :  a  circular  piece  of  cork  ;  a  gold  coin  ; 
a  strip  of  magnesium  tape  ;  a  piece  of  glass,  and  a  piece  of  aluminum. 
The  distance  of  the  tube  from  the  plate  was  about  ten  and  a  half  centi- 
meters during  all  four  exposures. 

The  fourth  slide  shows  the  skeleton  of  a  mouse,  taken  laid  flat  upon 
its  back  ;  the  legs  being  stretched  out  and  brought  as  near  the  plate  as 
possible. 

Slide  No.  5  shows  the  density  of  the  negative  produced  by  five- 
minute  exposures,  at  distances  of  two  and  a  half  centimeters,  five  cen- 
timeters, seven  and  a  half  centimeters,  ten  centimeters  and  twelve  and 
a  half  centimeters  respectively.  The  plate  was  protected  by  a  screen 
of  copper  having  a  circular  aperture  about  one  centimeter  in  diameter. 

Slides  No.  6  and  7  show  the  density  produced  at  a  distance  of  two  and 
a  half  centimeters,  with  exposures  of  one  to  five  minutes.  These  slides 
were  also  prepared  to  demonstrate  the  efficiency  of  a  plate  especially 
sensitized  by  Mr.  John  Carbutt  of  this  city  for  this  work.  He  conceived 
the  idea  that  the  photographic  plate  might  be  rendered  more  sensitive 
to  this  energy,  if  the  film  were  treated  with  some  fluorescent  substance. 
Mr.  Carbutt  very  kindly  placed  in  our  hands  some  of  the  special 
plates,  and  your  attention  is  directed  to  a  comparison  between  a  very 
rapid  ordinary  plate  (Seed's  No.  27),  and  the  one  especially  prepared. 
The  treatment  throughout  was  precisely  the  same.  The  prepared  plate 
seems  to  have  been  considerably  more  sensitive  ihan  the  other. 

Slides  Xo8.  8  and  9  show  the  results  of  tests  to  demonstrate  the  pos- 
sibility of  reflection  or  refraction,  by  means  of  two  large  diamonds  set 
in  a  ring.  First  the  diamond  ring  was  enclosed  in  a  flat  purse  with 
some  coins,  and  certainly  the  result  is  very  interesting,  though,  per- 
liaps,  it  would  be  premature  to  say  that  anything  new  is  proved  by  it. 
Tlie  ring  was  next  placed  open  directly  upon  the  covered  plate,  and  ex- 
posed in  two  positions. 

Slide  No.  10  shows  a  possible  application  of  the  Rontgen  process. 
Wishing  to  test  the  value  of  the  method  for  detecting  flaws  in  metals, 
the  writer  requested  one  of  his  associates,  Dr.  Kichards,  to  have  pre- 
pared three  aluminum  plates,  four  or  five  millimeters  thick,  with  hidden 
holes,  plugs,  or  any  flaws  that  miglit  seem  desirable.  Dr.  Richards  was 
asked  further  to  prepare  a  detailed  description  of  the  plates,  to  sign  and 
seal  it,  and  to  bring  h  with  him  this  evening.     The  aluminum  plates 
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have  been  examined  by  means  of  the  Rontgen  process,  and  it  may  be 
interesting  if  one  of  your  members  will  open  the  envelope  and  compare 
the  description  theiein,  with  the  one  that  will  now  be  detailed.  The 
picture  tells  its  own  story  pretty  well,  even  to  the  uninitiated.  No.  1 
seems  to  have  three  circular  holes,  plugged  up  with  some  substance, 
doubtless  aluminum,  having  the  same  radiographic  density  as  the 
material  of  the  plate.  No.  2  appears  to  be  perfect.  No.  3  has  two 
holes  similar  to  those  of  No.  1,  and  a  third  stopped  up  through  a  por- 
tion of  its  length  by  some  substance  lesp  transparent  than  the  aluminum, 
perhaps  a  piece  of  copper  or  iron  wire  (Dr.  Richards'  Description  of 
Aluminum  Plates). 

Our  experiments  during  the  last  two  weeks  have  been  made  at  all 
times  of  the  day  and  evening,  sometimes  in  full  daylight,  and  often 
with  no  light  at  all,  except  that  emitted  by  the  tube.  The  presence  or 
absence  of  luminous  radiation  seems  not  to  make  the  least  difference  in 
the  results.  We  early  learned  that  sharper  outlines  could  be  obtained 
by  omitting  the  usual  plate  holder,  and  wrapping  the  plate  in  several 
thicknesses  of  orange  paper.  By  this  means  actinic  light  was  excluded, 
and  ihe  objects  were  brought  nearer  to  the  sensitive  film.  During  this 
series  of  experiments,  the  writer  has  received  much  assistance  and  many 
valuable  suggestions  from  his  associates  in  the  department.  Dr.  H.  C. 
Richards,  Dr.  R.  R.  Tatnall  and  Mr.  G.  C.  McKee. 

In  connection  with  this  subject,  it  is  desired  to  direct  the  attention  of 
the  gentlemen  present  to  a  remarkable  coincidence  which  can  hardly 
fail  to  excite  interest.  In  the  fall  of  1889,  the  writer  received  a  letter 
from  a  prominent  gentleman  in  Philadelphia,  asking  him  to  call  at  a 
convenient  and  early  date,  to  be  presented  to  a  friend  who  was  desirous 
of  obtaining  facilities  for  some  experiments  in  electric  spark  photog- 
raphy. On  the  occasion  referred  to,  the  writer  had  the  pleasure  of 
meeting  Mr.  W.  N.  Jennings,  of  Philadelphia,  who  for  many  years  has 
been  much  interested  in  the  photography  of  lightning.  It  was  Mr. 
Jennings'  wish  to  photograph  electric  sparks  from  various  forms  of  ap- 
paratus, in  order  to  compare  the  results  with  the  lightning  pictures 
which  he  had  already  obtained.  It  is  needless  to  say  that  the  series  of 
experiments,  begun  at  »hat  time,  have  been  continued  to  the  present,  as 
occasion  and  opportunity  have  made  it  convenient. 

The  particular  meeting  of  interest  occurred  on  the  evening  of  Feb- 
ruary 22,  1890.  Slides  11  to  14  show  the  result  of  some  of  our  experi- 
ments on  that  evening.  We  photographed  the  brush  from  a  large  in- 
duction machine,  by  holding  the  uncovered  plate  in  various  positions 
near  the  poles.  We  also  placed  coins  and  brass  weights  on  the  plates, 
sparking  them  by  means  of  the  Apps  induction  coil  in  various  ways. 
After  finishing  the  experiments  of  this  sort,  the  writer  brought  out  from 
the  cabinet  quite  a  variety  of  Crookes  tubes,  and  showed  them  to  Mr. 
Jennings  simply  for  his  pleasure  and  amusement.  The  desirability  of 
getting  Mr.  Ives  to  reproduce  some  of  the  color  effects  by  means  of  his 
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beautiful  method  was  suggested.  A  few  days  later,  Mr.  Jennings  an- 
nounced the  results  of  the  evening's  work  and  mentioned  that  several 
of  the  plates  that  had  not  been  exposed  directly,  but  which  were  de- 
veloped along  with  the  others,  were  found  to  be  fogged.  He  also  men- 
tioned one,  upon  which  had  appeared  a  mysterious  disc,  that  he  was 
quite  unable  to  account  for  as  the  character  of  the  impression  was  en- 
tirely different  from  those  that  had  been  obtained  in  the  regular  way. 

The  matter  was  forgotten  uniil  about  ten  days  ago,  when  the  writer 
asked  Mr.  Jennings  to  look  over  the  records  of  our  early  experiments, 
to  see  if  we  ever  exposed  a  plate  entirely  covered  in  the  plate-holder. 
He  immediately  did  so,  and  found  the  plate  upon  which  had  appeared 
the  mysterious  disc.  A  very  reasonable  explanation  now  is  suggested. 
The  disc  is  doubtless  the  shadow  picture  of  one  of  the  coins  made  while 
we  were  viewing  the  Crookes  tubes.  To  add  still  more  weight  to  this 
theory,  we  repeated,  a  few  days  ago,  the  experiment  in  the  same  way 
that  it  must  have  been  made,  if  at  all,  on  that  interesting  evening.  The 
original  plate  and  the  result  of  the  recent  experiment,  we  have  the 
honor  of  showing  you  here.  Now,  gentlemen,  we  wish  it  clearly  un- 
derstood that  we  claim  no  credit  whatever  for  what  seems  to  have  been 
a  most  interesting  accident,  yet  the  evidence  seems  quite  convincing 
that  the  ^ni<  Rdntgen  shadow  picture  was  really  produced  almost  ex- 
actly six  years  ago  to-night,  in  the  physical  lecture  room  of  the  Univer- 
sity of  Pennsylvania. 

Arthur  W.  Qoodspeed. 

University  op  Pennsylvania,  February  21,  1896. 

Prof.  Edwin  J.  Houston's  Remarks  were  as  follows: 

It  is  unquestionably  the  fact  tliat  although  natural  truths  cr}'  aloud  to 
the  scientific  inquirer,  yet  they  may  long  remain  unrecognized.  We 
have  heard  to-night,  in  the  excellent  paper  Prof.  Gk)od8peed  has  read, 
that  although  the  apparatus  we  have  just  seen  was  in  the  possession  of 
the  University  of  Pennsylvania,  and  although  it  undoubtedly  long  ago 
produced  the  Rontgen  effects,  yet  they  were  undetected.  I  had  myself 
a  similar  apparatus  in  the  philosophical  cabinet  of  the  Central  High 
School ;  and  the  Rdntgen  rays  were  unquestionably  produced  by  it, 
but  they  were  not  recognized.  Many  a  case  of  a  curious  shadow  pho- 
tograph, appearing  mysteriously  upon  a  plate  believed  to  be  good, 
strange  shadows  coming  out,  the  cause  of  which  could  not  be  detected, 
were  most  probably  some  of  these  Rontgen  photographs. 

The  paper  we  have  heard  has  reviewed  in  so  able  a  manner  the  com- 
paratively few  facts  that  are  known  concerning  this  peculiar  form  of 
radiant  energy,  that  I  may,  in  my  remarks,  be  forced  to  repeat  some  of 
its  statements,  but  it  may,  nevertheless,  be  of  interest  to  you  if  I  do  so 
in  other  language. 

The  term  cathode  rays  is  applied  to  the  stream  of  electrified  molecules 
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that  pMB  !■  a  rectflincar  direetioii  from  the  DecaUre  ele<tixv)tp.  <\r 
cathode,  of  a  swtablj  exhausted  Tacnom  tube.  Thi$  peculiar  etfect  U 
not  obserred  to  aar  narked  decree  unifl  the  residaal  atiiK\!^phere  in  the 
tube  has  a  teoson  or  presisiire  of  bat  about  the  oae-millioath  %>f  au 
atmosphere,  or  uutfl  that  peculiar  condition  of  matter  in  the  tube  1$  ob- 
tained, for  which  Crookes  proposed  the  name  of  the  ultia-^^eouft.  or 
radiant  state.  It  appears  that  vhererer  the  cathode  rar^  strike  the 
walls  of  the  tube,  or  anj  suitable  substance  contained  therein,  they 
excite  fluorescence.  The  cathode  riTs  are  deflected  bv  msffnetK^  flux. 
Indeed,  ther  mttst  be  so  deflected  if  thev  couf^ist  of  streams  of  eleclri< 
fled  molecules  ;  for,  their  deflection  by  magnetic  flux  is  a  phenomenon 
allied  to  the  deflection  of  a  voltaic  arc  by  a  magnet,  or  the  deflection 
of  the  actlTe  wires  on  an  electromagnetic  motor,  by  the  flux  fK>m  the 
field  magnets. 

ReTiewing  briefly  the  history  of  the  Rontgen  discovery,  we  will  And 
some  of  the  facts  to  be  as  follows:  viz..  Hertz  showed  that  thin  metallic 
films  are  transparent  to  the  cathode  riys.  Lenard.  an  assistant  of 
Hertz,  who  afterwards  took  up  the  invesiigation  both  in  cH^nneotion 
with  Hertz  and  individually,  placed  an  aluminum  window  in  the  tulte 
so  that  the  cathode  rays  impinged  on  it.  You  probably  noticed,  in 
looking  at  the  radiation  from  the  tube  shown  by  Prof.  GiHHlspeod,  that 
the  rays  did  not  light  up  the  em  ire  surface  of  the  tube,  but  that  a  spot 
directly  opposite  the  cathode  was  markedly  excited  by  the  phoa* 
phorescence.  That  is  the  spot  where  a  peculiar  kind  of  radiation,  called 
the  Lenard  rays,  or  the  Rontgen  rays,  was  observed  ;  the  Lenard  rays 
in  one  condition  of  the  vacuum,  and  the  Rontgen  rays  in  another  con- 
dition of  the  vacuum.  Assuming,  that  the  cause  of  the  Lenard  or 
Rdntgen  rays  is  the  impact  of  a  molecular  stream  of  electrilled  particles, 
most  probably  molecules,  we  may  inquire  as  to  their  origin.  They  aro 
evidently  either  disengaged  from  the  substance  of  the  negative  elec- 
trode or  cathode,  or  they  are  simply  the  molecules  of  residual  gus  in  the 
highly  exhausted  tube.  Inasmuch  as  Pupin  has  shown  that  electrode- 
less  Crookes  tubes,  that  is,  tubes  not  provided  with  interior  elect rodcB, 
produce  the  same  effect,  it  would  seem  fair  to  believe  tliat  hot  hi  he 
Lenard  and  the  Rontgen  effects  may  be  duo  to  molecular  bombardinent 
of  the  molecules  of  the  residual  atmosphere.  In  these  eh'ctrodrli'Hs 
tubes,  pieces  of  tinfoil  are  placed  on  the  outside  of  the  tube,  and  the 
terminals  of  the  Ruhmkorff  coil  being  attached  to  then),  dlHohargcH  are 
produced  by  electrostatic  induction  corresponding  to  the  diHC'har^i'H  of 
the  secondary  of  the  Ruhmkorff  coil,  and  all  the  effects  of  cither  iho 
Lenard  or  the  Rdntgen  rays  are  produced. 

Lenard  states  that  his  rays  are  faintly  visible  to  the  eye  out  Hide  the 
tube.  They  are,  however,  rapidly  absorbed  by  the  air,  ho  that  at  a 
short  distance  from  the  tube  they  cease  to  be  vinible.  Tin;  Hi'mi^i'u 
rays,  on  the  contrary,  are  invisible  to  the  eye.  Both  the  Jjcnard  and 
the  ROntgen  rays  produce  phosphorescence  in  phoHphorescent  materials 
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on  which  they  impinge ;  they  both  traverse  opaque  films  of  metal ; 
they  both  produce  actinic  effects  on  photographic  plates.  That  the 
Rontgen  rays  are  something  different  from  the  Lenard  rays  is  proved, 
I  think,  by  the  fact  that  they  are  not  by  any  means  so  absorbable  by  air. 

It  may  be  interesting  to  know  how  Rontgen's  original  effects  were 
obtained.  He  took  an  ordinary  Crookes  tube,  or  at  least  a  tube  con- 
taining the  proper  vacuum,  and  completely  covered  it  with  blackened 
pasteboard  so  as  to  render  it  light  tight  to  ordinary  light.  He  took  a 
paper  screen  which  he  painted  with  a  substance  capable  of  being  ex- 
cited by  fluorescence,  a  solution  of  barium-platino-cyanide.  He  then 
found  that  wherever  this  screen  was  impinged  on  by  the  Rontgen  rays, 
it  fluoresced. 

Rontgen  found,  that  his  rays,  like  the  Lenard  rays,  possess  the  strange 
power  of  passing  through  many  substances  opaque  to  ordinary  light. 
It  is  generally  believed  that  the  source  of  the  Rontgen  rays  is  the  por- 
tion of  the  glass  tube  which  receives  the  bombardment  of  the  molecules 
shot  off  from  the  negative  electrode.  In  other  words,  the  Rontgen 
rays  are  caused  by  the  cathode  rays.  That  they  are  not  the  cathode 
rays  themselves  is  evident  from  a  brief  review  of  some  of  their  charac- 
teristics. 

1.  The  Rontgen  rays  are  invisible  to  the  eye. 

2.  They  excite  fluorescence.  (In  this  respect,  however,  they  agree 
with  the  cathode  rays  and  the  Lenard  rays.) 

8.  They  produce  actinic  effects.  In  this  respect  they  agree  with  the 
Lenard  rays,  but  are  entirely  differentiated  from  the  cathode  rays.  A 
photographic  plate  has  been  placed  inside  a  Crookes  tube  and  the 
cathode  rays  have  been  caused  to  impinge  on  it.  They  failed  to  pro- 
duce any  actinic  effects.  There  are  clearly  then  these  differences  ;  the 
Rontgen  rays  produce  actinic  effects  ;  i.  e.,  they  possess  the  power  of  de- 
composing a  photographic  salt  placed  on  a  sensitive  plate,  and  are  not 
deflected  by  a  magnet.  This  latter  point  has  been  confirmed  recently 
by  some  very  careful  experiments  made  by  Dr.  Oliver  Lodge.  The 
apparatus  would  have  detected  any  defiection  had  it  existed. 

There  is,  however,  a  marked  similarity  between  the  Lenard  and  the 
Rontgen  rays.  The  source  of  both  is  believed  to  be  the  cathode  rays. 
They  each  produce  fluorescence  ;  each  possess  the  power  of  passing 
through  substances  ordinarily  opaque,  the  opacity  increasing  appa- 
rently with  the  density,  though  not  in  direct  proportion  with  the  den- 
sity. The  Rontgen  rays,  however,  dift'er  in  the  valuable  property  of 
not  being  so  readily  absorbed.  The  Lenard  rays,  though  not  deflected 
by  a  magnet,  in  free  air,  are  deflected  by  a  magnet  when  they  are 
caused  to  enter  a  highly  exhausted  chamber — at  least,  so  Lenard  states. 
It  is  said  that  Prof.  Wright,  of  Yale,  a  careful  student  and  one  whose 
opinion  is  to  be  regarded,  does  not  think  that  the  Rontgen  rays  differ 
from  the  cathode  rays.  He  rather  looks  on  the  Rontgen  rays  as 
strained  cathode  rays. 
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That  the  RoDtgen  rays  possess  three  characteristics  of  ordinary  light ; 
▼iz.,  rectilinear  propagation,  as  shown  by  their  ability  to  cast  shadows  ; 
the  power  of  producing  fluorescence  ;  and  the  power  of  effecting  chemical 
decomposition  in  a  sensitive  photographic  plate.  They  differ  from  light, 
however,  in  nearly  all  other  respects.  If  they  are  ether  waves  they  may 
be  transverse  waves,  which  we  know  of;  or  they  may  bethelong-looked- 
for  longitudinal  waves.  They  are,  however,  apparently  incapable  of  re- 
flection, refraction  or  interference,  all  characteristic  of  transverse  vibra- 
tions. If  they  are  transverse  vibrations  they  belong  to  some  part  of  the 
spectrum  that  we  have  not  hitherto  studied.  In  the  opinion  of  some  phys- 
icists they  belong  to  a  region  considerably  below  the  red  ;  in  the  opinion 
of  others  they  are  exceedingly  short  wave  lengths,  possibly  approaching 
atomic  or  molecular  dimensions. 

I  have  used  in  connection  with  my  colleague.  Dr.  Eennelly,  in  the 
study  of  the  Rontgen  effect,  both  the  character  of  apparatus  described  by 
Prof.  Goodspeed,  as  well  as  other  apparatus.  Dr.  Eennelly  and  I,  charge 
a  battery  of  Leyden  jars  with  the  discharge  of  a  large  Ruhmkorff  coil ; 
we  get  a  spark  discharge  and  a  spark  gap,  and  then  use  that  spark  dis- 
charge, which  is  an  oscillatory  discharge,  through  the  primary  of  a  Tesla 
coil.  We  thus  obtain  in  the  secondary  coil  an  exceedingly  high  discharge 
and  use  this  to  excite  the  Crookes  tubes.  The  Tesla  coil  was  immersed 
in  rosin  oil.  It  seems  from  the  experiments  we  have  made  that  these 
very  rapid  oscillations  are  not  so  apt  to  injure  the  tube  and  apparently 
produce  better  results.  However,  in  sharp  opposhion  to  this,  I  hear  a 
rumor,  though  it  is  only  a  rumor,  that  at  the  Johns  Hopkins  University 
they  are  working  in  the  opposite  direction  ;  viz.,  with  very  few  oscilla- 
tions of  the  primary  per  second.  I  hope  Prof.  Rowland,  who  is  conduct- 
ing these  experiments,  will  soon  let  us  know  what  he  is  doing. 

Mr.  Edison  has  been  a  tireless  investigator  in  this  field  of  physical  re- 
search. 

Prof.  Schuster  is  decided  in  his  opinion  that  the  Rdntgen  rays  are  not 
the  cathode  rays.  He  agrees  that  the  point  of  origin  is  where  the  stream 
of  negatively  charged  molecules  strikes  the  glass.  Prof.  Whiting  finds 
gum  to  be  the  most  transparent  and  rock  salt  the  most  opaque  substance 
to  the  action  of  the  rays.  Prof.  J.  J.  Thompson  states  that  the  cathode 
rays  are  incapable  of  affecting  sensitive  photographic  plates.  We  all  know 
that  the  ultra-violet  rays,  which  some  think  are  the  same  as  the  Rdntgen 
rays,  will  effect  the  discharge  of  a  negatively  excited  body.  Prof.  J.  J. 
Thompson  has  shown  that  the  Rdntgen  rays  will  effect  the  discharge  of 
either  a  negatively  or  a  positively  excited  bod^,  and  this  whether  or  not 
the  body  is  surrounded  by  the  highest  insulating  substances  known  to  the 
electrician,  like  vulcanite  or  paraflne.  Of  course,  I  know  that  most  of 
you  will  know  what  this  means  ;  viz  ,  that  a  leuk  takes  place  in  those 
substances  ;  or,  in  other  words,  that  while  the  Rdntgen  rays  are  passing 
through  these  substances  they  become  conductors  of  electricity. 
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Mr.  Carbutt :  Do  I  understand  you  to  say  that  no  positive  results  have 
been  obtained  yet  at  the  bell  of  the  receiver  of  the  exhaust  pumps  ? 

A.  I  say  that  I  understand  that  no  sensitive  plate  has  yet  been  obtained, 
which,  placed  in  the  Crookes  tube,  will  have  any  actinic  effect  produced 
on  i^  by  the  cathode  rays.  When  they  pass  outside  the  tube  they  are  no 
longer  cathode  rays. 

Q.  But  if  placed  on  the  bell  of  the  receiver  of  an  exhaust  pump? 

A.  I  have  not  tried  that. 

Q.  Just  to-day  I  made  the  experiment  of  exposing  a  pair  of  steel 
scissors ;  and  in  five  minutes  obtained  a  strong  negative  effect,  getting  my 
rays  from  the  negative  pole. 

Q.  Then  they  went  through  the  glass  of  your  receiver  ? 

A.  No,  sir ;  they  struck  right  on  the  metal  scissors. 

Q.  Where  had  you  your  photographic  plate  ? 

A.  On  a  bell  receiver.  I  used  no  Crookes  tube,  nothing  but  just  the 
ray^  as  they  came  down  from  the  negative  pole.  The  plate  was  lying  on 
a  little  table  as  connected  with  the  positive  pole  and  the  rays  were  seen 
traveling  down  on  the  plate  on  which  were  laid  the  scissors. 

A.  I  think  you  had  an  effect  very  much  like  the  electric  discharge 
effects  shown  on  the  screen  to-night.  I  believe  that  a  great  many  state- 
ments made  concerning  the  ability  of  other  sources  of  light  to  produce 
Rontgen  rays  are  due  either  to  heat  effects,  or  to  electric  effects. 

Dr.  J.  Cheston  Morris  asked  if  Edison  was  experimenting  with  celluloid 
plates.    Prof.  Houston  said  he  did  not  know. 

Remarks  by  Mr.  Julius  F.  Sachse  were  as  follows : 

So  far  as  the  photographic  properties  of  the  new  X  rays  of  Rontgen  are 
concerned,  it  is  yet  a  question  whether  they  will  ever  be  of  any  practical 
value  or  use  for  photographic  purposes,  as  the  term  is  usually  understood. 

The  fact  that  tliese  rays  can  neither  be  refracted,  condensed  nor  dis- 
persed, is  a  fatal  objection  to  their  application  to  photography. 

It  will  be  noticed  that  all  of  the  registered  or  permanent  results  obtained 
and  shown  here  this  evening  are  by  no  means  photographs  in  the  ordinary 
sense  of  the  word;  they  are  'merely  fixed  shadows  or  "sciographs" 
obtained  by  the  interposition  of  a  sensitive  gelatine  plate. 

I  do  not  wish  to  be  understood  as  depreciatiug  this  new  factor  in 
physics,  nor  to  appear  skeptical  as  to  any  praciical  results  that  may  be 
forthcoming  in  the  future.  It  is  now  certain  that  a  great  discovery  has  been 
made  by  Prof.  Rontgen,  notwithstanding  the  fact  that  these  identical 
rays  have  been  produced  thousands  of  time?,  in  nearly  every  physical 
laboratory  in  the  world,  and  that  it  only  needed  the  neighborhood  of  a 
luminous  film  to  reveal  them,  and  to  do  this  was  Prof.  Riintgen's  oppor- 
tunity. The  step  to  substitute  a  sensitive  plate  to  register  the  shadow 
was  a  short  one,  and  we  have  here  to-night  a  practical  demonstration  of 
the  results. 
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I  now  wish  to  call  your  attention  to  another  peculiarity  of  the  new 
Hdntgen  rays,  that  has  just  come  to  my  notice,  and  had  time  permitted,  I 
should  have  had  the  specimens  here  to  illustrate  my  remarks^ 

The  most  exhaustive  series  of  photographic  experiments  thus  far  made 
in  connection  with  the  R5atgen  rays  are  the  investigations  at  the  Im- 
perial experimental  institution  at  Vienna  (E.  K.  Lehr-  und  Versuchs- 
anstalt  fur  Photographic  in  Wien).  Thus  far  uo  results  have  been 
obtained  greater  than  the  original  skeleton  hand  of  Prof.  Rdntgen .  Scien- 
tifically, however,  the  curious  fact  has  been  learned  that  the  actinic  action 
of  the  so-called  X  rays  is  dependent  to  a  great  extent  upon  the  medium  or 
support  that  holds  the  haloid  salts  in  suspension. 

It  appears  that  for  some  reason  as  yet  unknown  the  new  Rontgen 
rays  have  a  peculiar  affinity  for  a  sensitive  plate  whose  support  consists 
of  animal  matter  or  gelatine.  Now  if  we  take  a  plate  of  equal  sensitive- 
ness,  but  substitute  collodion  for  gelatine,  and  expose  it  to  the  action  of 
the  X  rays,  no  effect  whatever  is  produced.  The  rays  seem  to  be  abso- 
lutely inert  the  moment  any  medium  is  substituted  for  the  animal  support 
of  the  ordinary  commercial  dry- plate. 

This  series  of  experiments  at  Vienna  consisted  in  testing  the  ordinary 
bromo-argentic  gelatine  dry  plates  of  different  degrees  of  sensitiveness 
together  with  argentic-iodide  collodion  (wet)  plates — bromide  collodion 
emulsion,  and  moist  cosine  bromo-collodion  (Albert  emulsion)  and 
argentic  chloro-bromide  collodion  plates,  the  latter  developed  with  an 
alkaline  solution. 

The  result  of  this  series  of  experiments  was  that  the  Rdntgen  rays  made 
little  or  no  impression  upon  any  variety  of  the  collodion  plates  whether 
wet  or  dry,  while  upon  the  contrary  every  variety  of  gelatine  plate,  no 
matter  whether  sensitized  with  argentic  bromide,  iodide  or  chloride,  proved 
a  ready  recorder  for  the  Rdntgen  rays.  The  most  effective  plates  were 
what  are  known  in  Grermany  as  the  **  Schleusner  Rapid  "  bromo-gelatine 
dry  plate ;  they  are  equal  in  rapidity  to  our  American  plates  "  Sensomiter 
23.'' 

It  appears  from  this  series  of  experiments  that  the  most  marked  differ- 
ence was  found  in  the  comparison  of  a  chloro-bromo-gelatine  dry  plate 
with  a  collodion  wet  plate,  both  of  which  were  carefully  tested  as  to  their 
equal  sensitiveness  by  daylight  prior  to  being  exposed  to  the  effect  of  the 
X  rays.  Where  the  dry  plate  with  alkaline  development  proved  a  suc- 
cess, the  wet  plate  with  an  acid-iron  development  was  an  absolute  failure. 

Another  peculiarity  shown  was  that  an  alkaline  development  in  every 
case  gave  better  results  than  a  neutral  or  acid  one.  Then  again  when  a 
dry  plate  of  the  kind  giving  the  best  results  was  moistened  or  dampened 
before  exposure,  the  sensitiveness  for  the  X  rays  was  greatly  diminished. 

Here  perhaps  we  may  find  a  solution  to  the  problem  why  it  is  that  none 
of  the  American  results  obtained  by  use  of  the  X  rays  thus  far  have  been 
equal,  either  in  distinctness  ot  outline  or  reproduction  of  detail,  to  the 
€termaa  sciographs.    It  may  be  to  the  humidity  of  our  atmosphere,  more 
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than  to  the  quality  and  character  of  our  photographic  dry  plates,  or  the 
lack  of  skill  of  our  experimenters,  that  we  have  to  look  for  either  cause  or 
failure. 

It  will  thus  he  seen  that  many  new  factors  enter  into  the  photographic 
development  of  the  new  forces.  Conditions  seem  to  arise  at  every  turn 
that  are  entirely  foreign  to  those  encountered  when  we  work  with  ehher 
solar  or  artificial  light,  and  this  independent  from  the  optical  featuies 
which  I  have  mentioned. 

Now  the  question  naturally  presents  itself  as  to  which  kind  of  pensitive 
plate,  or  medium,  should  he  used  to  obtain  the  maximum  results  of  the 
actinic  action  of  the  X  mys,  or  in  other  words,  by  what  means  can  we  ob- 
tain the  best  permanent  Photo-Sciographs? 

As  to  the  difference  between  the  action  of  the  X  rays  upon  gelatine  and 
collodion  I  would  venture  the  theory  that  if  these  results  are  confirmed  by 
experiments  here,  that  it  is  due  to  the  fact  that  while  gelatine  arrests  the 
X  rays,  they  pass  through  or  penetrate  the  collodion  film.  It  this  should 
prove  to  be  the  case,  it  would  indicate  the  use  of  double-coated  plates,  or 
of  a  stripping  film  upon  a  support  impervious  to  the  X  rays,  such  as  a 
sheet  of  lead.  By  such  means  perhaps  photographic  results  of  still  greater 
value  might  be  obtained.  I  will  here  state  incidentally  that  the  Schleus- 
ner  plate  used  in  the  German  experiments  is  coated  somewhat  heavier 
than  the  average  American  plate. 

I  now  come  to  another  aspect  of  the  possible  development  of  the  photo- 
graphic properties  of  the  new  forces ;  an  experiment  thus  far  untried  in 
connection  with  the  Rdntgen  rays.  For  this  purpose  I  will  turn  back- 
ward and  take  recourse  to  the  original  principles  of  heliography,  and 
suggest  a  series  of  experiments  wherein  we  substitute  for  the  gelatine  dry 
plate  a  highly  polished  sheet  of  metal,  subjecting  it  to  the  action  of  the 
X  rays  in  the  usual  manner,  and  then  seeking  to  develop  the  impinged 
image,  if  there  be  one,  with  the  fumes  or  vapor  of  mercury  or  iodine,  or 
the  two  in  combination,  a  process  well  known  to  plioto  experts  of  the  old 
school . 

Tests  should  also  be  made  upon  the  silvered  copper  plate  coated  with 
the  vapor  of  iodine  and  bromine  and  developed  with  the  fumes  of  mer- 
cury (the  old  daguerreotype  process)  ;  or  upon  plain  sheets  of  polished 
copper,  silver  or  tin,  and  developed  either  with  vapor,  or  by  the  applica- 
tion of  heat  to  the  reverse  side  of  the  plate  ;  a  process  known  as  "  Hunt's 
Thermography.** 

The  above  experiments  are  well  worthy  of  a  trial  in  connection  with  the 
development  of  what  may  be  called  **photo-8ciography." 

In  conclusion  I  will  call  your  attention  to  a  curious  coincidence.  It 
was  in  this  room  just  fifty-three  years  ago  during  the  centennial  celebra- 
tion of  this  Society  (May  29,  1848)  than  an  almost  identical  topic  formed 
the  theme  for  discussion,  viz.:  Moser's  theory  of  "Invisible  photographic 
rays,*'  a  theory  which  was  then  attracting  great  attention  in  scientific 
circles  on  both  sides  of  the  Atlantic.     Remarks  upon  the  subject  were 
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made  by  a  number  of  members  present,  among  whom  may  be  named  Dr. 
Paal  Beck  Goddard,  Joseph  Saxton,  Prof.  Henry  and  Prof.  James 
Rodgers,  all  names  that  are  still  held  in  high  esteem  in  the  scientific 
world. 

While  upon  the  subject  of  Moser's  theory,  I  will  state  that  there  have  of 
late  come  to  my  notice  several  cases  which  seem  to  confirm  his  theory  of 
latent  light,  or  invisible  photographic  rays.*  The  most  marked  instance 
was  where  a  number  of  platinum  prints  were  packed  away  and  laid  un- 
disturbed in  the  dark  for  several  months,  and  in  several  cases  had  repro- 
duced themselves  or  formed  a  reverse  positive  picture  upon  the  surface  of 
the  while  plate  paper  mount  which  laid  immediately  over  the  print  I 
merely  mention  this  matter  at  this  time  so  as  to  place  it  upon  record,  as  I 
expect  to  bring  it  before  the  Society  in  a  more  formal  way  in  the  near 
future.  As  a  fitting  close  to  this  paper  I  will  quote  the  language  of 
Robert  Hunt,  used  in  connection  with  Moser's  tlx^ry  and  read  here  half 
a  century  ago,  as  it  will  apply  with  equal  frirce  to  the  theory  of  the  un- 
known waves  known  as  the  X  rays  of  RcSatgen  :  "  As  a  subject  of  pure 
scientific  interest  this  discovery  promises  to  develop  some  of  those  secret 
infiuences  which  operate  in  the  mysterious  arrangements  of  the  atomic 
constituents  of  matter,  to  show  us  the  road  into  the  hidden  recesses  of 
nature's  works,  and  enable  us  to  pierce  the  mists  which  at  present  envelope 
some  of  its  most  striking  phenomena.  It  has  placed  us  at  the  entrance  of 
a  great  river  flowing  into  a  mighty  sea,  which  mirrors  in  its  glowing 
waters  some  of  the  most  brilliant  stars  which  beam  through  the  atmos- 
phere of  truth." 

Referring  to  the  paper  read  by  Mr.  Julius  F.  Sachse,  Mr. 
Joseph  Wharton  asked: 

Q.  Will  the  gentleman  please  explain  more  fully  what  is  the  action  of 
the  X  rays  upon  the  more  sensitive  gelatine  film  as  contrasted  with  their 
action  upon  the  collodion  ? 

A.  I  have  not  had  the  time  to  verify  it  by  experiment ;  but  as  the  case 
stands  at  present  I  cannot  explain  it  except  that  the  rays  pass  through  the 
collodion  film :  they  fail  to  arrest.  That  is  the  only  explanation  I  can 
give  at  the  present  moment. 

Q.  That  seems  to  be  somewhat  at  variance  with  many  of  the  observa- 
tions that  we  have  had  set  before  us  tonight :  namely,  that  a  number  of 
so-called  colloid  bodies  seem  to  be  pervious  to  the  ray  ;  while  a  number 
of  the  crystalloid  bodies  seem  to  be  impervious.  Here  are  pitch,  gum, 
leather  and  several  other  bodies  which  are  pervious  to  the  ray  (all  col- 
loids) ;  while  quartz,  rock  salt  and  other  crystals  (the  speaker  naming 
several)  all  appear  opaque  to  the  ray.  It  may  be  worth  while  to  bear  in 
mind,  in  future  investigations,  the  question  whether  there  may  be  a  line 
drawn  between  colloids  and  crystalloids  in  transparency  for  the  new  ray, 
and  if  BO  to  search  for  the  reason  of  that  distinction. 
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Eemarks  of  Prof.  Robb,  of  Trinity  College,  Hartford: 

We  are  all  indebted  to  Prof.  Goodspeed  for  a  very  interesting  paper  and 
must  congratulate  him.  There  is  certainly  a  great  deal  of  interest  in 
those  slides.  The  first  thing  that  attracted  our  attention  in  Hartford 
about  our  dry  plates  was  the  fact  that  on  a  great  many  of  them  we 
noticed  second  images  whioh  were  clearly  defined,  but  fainter  than  the 
first,  having  decidedly  the  appearance  of  the  ordinary  halo  images  of 
ordinary  photography.  At  first  glance  one  might  think  that  was  due  to 
refiection.  I  am  sure  it  was  not  due  to  any  movement  that  occurred  in 
the  plate  ;  and  I  am  stire  it  was  nut  due  to  a  violet  region  of  photograph.  I 
think  exposures  in  bright  light  are  a  very  dangerous  thing.  It  is  very 
possible  to  get  shadow  photographs  through  any  of  the  commercial  plate 
colors  ;  but  in  a  great  deal  of  our  work  where  we  have  worked  in  the 
ordinary  light  we  have  taken  the  precaution  of  using  an  aluminum  cover 
of  over  a  thirty -second  of  an  inch  ;  and  we  get  second  images  to  the  same 
extent  using  the  aluminum  cover.  Of  course  there  are  various  explana- 
tions of  it.  It  might  be  from  fluorescence  or  other  things  that  may  sug« 
gest  themselves  to  you. 

With  reference  to  Prof.  Moser's  slow  plates  giving  better  effects  than 
rapid  plates,  that  has  not  been  our  experience.  We  gave  up  the  most 
rapid  plate.  We  experimented  with  the  most  rapid  plate  that  we  could 
get,  and  we  found  some  twenty  of  the  plates  were  apparently  light-struck ; 
and  finally  we  settled  the  question  they  were  not  light-struck  ;  they 
were  electric-struck  by  the  brush  discharge  at  the  lower  end.  of  our 
Crookes  tube. 

One  thing  is  very  apparent  to  all  of  us  that  have  b3en  doing  much  work 
in  this  line — that  the  induction  coil  needs  improvement.  For  as  at  present 
constructed  they  are  not  made  to  run  continuously  for  twelve  hours. 
They  are  all  right  to  run  for  a  few  moments  for  showing  off  Crookes 
tubes  ;  but  platinum  terminals  soon  wear  out  or  become  hot ;  and  we 
have  to  put  on  new  ones.  In  that  connection  I  have  a  very  good  idea,  due 
to  a  mechanic  who  does  a  great  deal  of  work  for  me,  which  I  will  show  by 
a  sketch.  The  platinum  point  is  about  a  quarter  of  an  inch  long  ordinarily 
and  is  attached  to  the  end  of  a  tube  having  a  thread  on  it  and  gradually 
wears  away.  Instead  of  fastening  that  piece  of  platinum  directly  under 
the  tube  we  take  a  piece  of  platinum  wire  four  or  five  inches  long  and 
place  it  on  the  end  of  a  second  metal  rod  which  screws  into  the  first.  In 
that  way,  Instead  of  having  simply  a  quarter  of  an  inch  of  platinum  to 
wear  off,  we  have  some  four  or  five  inches  at  our  disposal ;  and  in  the 
next  place  the  heat  is  dissipated  long  before  it  gets  to  the  soldered  joint. 

I  think  in  connection  with  these  photographs,  there  are  shadow  photo- 
graphs ;  but  it  is  remarkable  what  an  amount  of  detail  we  can  see  on 
some  of  it.  I  have  a  photograph  of  a  razor  taken  inside  of  the  case  which 
is  interesting  to  see.  When  we  looked  at  it,  it  was  very  bright  in  the 
middle  of  the  razor — more  light  coming  through  there  than  at  the  edge. 
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One  of  my  students  said  it  must  be  a  hollow-ground  razor ;  and  so  we  found 
it  upon  measurement.  The  photograph  that  we  saw  on  the  screen  by 
Prof.  Goodspeed  of  the  aluminum  plates  with  various  holes  bored  in  them 
was  interesting,  both  as  showing  what  can  be  done  in  the  case  of 
aluminum  and  what  may  be  done  in  the  case  of  other  metals.  From  any- 
thing we  know  now  as  to  the  Hontgen  rays,  it  will  be  impossible  to  tell 
much  about  armor-plating  or  anything  of  the  kind  ;  or  about  the  molec- 
ular construction  of  any  considerably  thick  pieces  of  the  more  opaque 
metals  ;  but  it  does  seem  as  though  we  can  discover  forms  of  ether  vibra- 
tion that  will  go  through  aluminum  and  go  through  hard  rubber,  and  other 
forms  that  will  go  through  pitch  and  things  of  that  kind,  and  that  cer- 
tainly some  day  we  are  going  to  discover  some  form  of  ether  vibration  to 
which  iron  may  be  transparent.  Of  course  we  can  all  see  what  a  tre- 
mendous application  that  would  have  in  the  mechanic  arts. 

We  have  one  or  two  rather  interesting  photographs  from  a  medical 
standpoint,  showing  its  possibilities.  Two  or  three  of  the  students  in 
photographing  their  hands  discovered  differences.  One  case  of  sesamoidal 
bone  is  very  apparent,  between  the  thumb  and  fore-finger  of  one  of  the 
students'  hands ;  and  then  just  two  or  three  days  ago  we  had  a 
laboring  man  who  was  out  of  work  from  an  injured  hand  ;  had  been 
injured  in  a  runaway  accident  and  had  gone  to  a  local  physician  who  has 
quite  a  reputation  for  doing  poor  work  ;  had  his  band  treated  ;  and  it  was 
never  getting  well ;  and  we  put  it  under  the  Crookes  tube  and,  sure 
enough,  there  was  a  partial  dislocation  and  a  fracture  which  had  never 
been  attended  to  properly.  Of  course  he  was  very  glad  to  have  us  point 
out  how  to  remedy  it. 

We  have  experimented  slightly  with  a  very  interesting  Crookes  tube. 
We  made  a  Crookes  tube  out  of  an  ordinary  lemonade  shaker — whisky 
shaker — I  don't  know  what  you  call  it  down  here — with  a  hard  rubber 
end  in  it ;  and  the  results  have  been  very  negative.  We  have  never 
gotten  any  shadow  photographs  with  it.  We  have  simply  taken  three  or 
four  photographs  with  it. 

Mr.  John  Carbutt's  remarks  were  as  follows : 

My  interest  in  the  new  Rontgen  rays  has  been  from  the  first  reading  of 
them.  Being  so  interested  in  photography,  when  reading  of  the  wonder- 
ful results  produced  by  Prof.  Rontgen,  I  naturally  saw  that  there  was 
going  to  be  a  much  larger  outlet  for  dry-plates.  Outside  of  its  commer- 
cial  value  I  naturally  took  an  interest  in  its  scientific  aspect ;  and  the  first 
thing  that  struck  me  was  the  great  length  of  time  for  which  the  objects 
had  to  be  exposed  to  the  Rontgen  rays.  I  therefore  made  it  my  business 
to  investigate  and  to  see  whether  or  not  a  plate  could  not  be  produced 
which  should  be  more  sensitive  to  the  Rontgen  rays  ;  and,  as  mentioned 
by  Prof.  Goodspeed,  I  experimented  with  the  fluorescent  substances,  hav- 
ing experimented  with  numerous  dies  in  the  making  of  anthochromatic 
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plates.  I  knew  that  several  of  them  gave  off  a  great  deal  of  fluorescence. 
I  have  only  produced  plates  printed  on  glass  ;  but  I  shall  take  up  a  line 
of  experiments  at  once  by  producing  some  on  thin  celluloid  ;  because, 
for  the  physician  and  others  that  have  cases  to  tend  where  the  flat  plate 
would  be  very  difficult  to  use,  the  celluloid  can  be  enclosed  in  an  envelope 
— sufficiently  opaque  to  ordinary  light — and  can  be  bound  around  the 
elbow  or  the  shoulder  or  any  part  sufficiently  round  where  a  plate  would 
have  to  lie  flat ;  and  I  think  it  would  find  in  that  case  several  uses.  I 
have  been  experimenting  with  some  professors  (which  matter  I  am  not  at 
liberty  just  now  to  mention)  when  I  made  a  sciograph  negative  of  a 
woman's  hand  in  twenty  minutes,  plates  as  large  as  14  x  17  being  used. 
A  fllm  of  the  same  size  could  be  bound  around  the  back,  for  instance  ; 
and  I  think  in  that  way  that  possibly  the  celluloid  fllm  (it  is  iJS-ths 
thick)  may  possibly  come  in  use.  As  it  has  been  mentioned  that  Mr. 
Edison  has  been  using  slow  to  quick  plates,  I  have  not  as  yet  experi- 
mented with  anything  slower  than  a  very  rapid  plate  and  am  inclined 
to  increase  its  sensibility  ;  and  I  think  that  in  a  measure  I  have  succeeded, 
as  Prof.  Goodspeed  has  shown  you.  Since  the  sensibility  of  these  rays  is 
a  subject  that  requires  both  study  and  experiment,  I  do  not  propose  at  the 
present  moment  to  say  that  I  fully  understand  all  of  its  requirements ; 
and  it  is  in  its  experimental  stage.  I  shall  not  let  the  matter  drop  ;  I  flnd 
it  very  difficult  to  find  any  tubes  that  are  giving  the  proper  X  rays.  The 
one  that  Prof.  Goodspeed  is  using,  so  far  as  I  have  seen,  is  the  best  one 
that  I  have  come  across.  I  have  been  using  one  to-day  with  which  I  gave  a 
full  half- hour's  exposure  and  got  no  results.  The  reason  was  explained 
to  me  to-night  in  the  remarks  that  were  made  that  when  a  blue  or  a 
purple  color  comes  from  the  negative  or  cathode  end  of  the  Crookes  tube  it 
is  not  eflicient  in  giving  off  the  X  rays.  There  is  no  doubt  that  a  great 
many  professors  who  are  trying  these  experiments  and  getting  negative 
results  are  working  with  inefficient  Crookes  tubes. 

Kemarks  of  Dr.  William  Pepper  were  as  follows : 

I  rise  only  to  occupy  the  attention  of  the  Society  for  a  single  moment. 
In  pursuance  of  the  suggestion  of  Dr.  Minis  Hays  to  me,  we  owe  very 
much  of  the  pleasure  of  this  evening's  discussion,  he  having  suggested 
that  I  write  to  some  friends  in  Canada  ;  and  as  a  result  of  it,  I  present 
from  Prof.  Cox,  of  the  MacDonald  Physics  Building  at  McGill  Univer- 
sity, 3Iontreal,  this  brief  note,  accompanied  by  these  four  very  excellent 
photographs    illustrating    the    application  of   this    method    to  surgical 

diagnosis. 

**  The  MacDonald  Physics  Building, 

*'McGiLL  University, 

•'Montreal,  February  18,  1896. 

*'Dear  Sir: — Dr.  Shepherd  has  sent  tome  your  letter  expressing  a  wish 
to  have  some  of  our  photographs  for  the  meeting  of  the  American  Philo- 
sophical Society  on  the  21st. 
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"Our  results  have  been  In  no  way  peculiar  except  that  we  were  fortunate 
in  making  a  successfVil  application  to  surgery  almost  at  the  start.  I  have 
nothing  to  describe  in  the  way  of  new  methods.  In  fact  there  seems  at 
this  moment  to  be  nothing  known  or  tried  that  was  not  suggested  in 
Rontgen's  original  paper. 

"I  am  forwarding  as  likely  to  be  of  most  interest  a  proof  of  the  nega- 
tive showing  the  revolver  bullet  between  the  tibia  and  fibula  of  a  man's 
leg.  This  was  obtained  on  February  7,  four  days  after  my  first  photo- 
graph. The  print  shows  a  copper  wire  fastened  around  the  leg  above  as  a 
fiducial  mark  ;"  (here  Dr.  Pepper  interpolated  as  follows  to  the  closing  of 
this  parenthesis  :  "then  on  the  Rontgen  sciograph  should  be  seen  between 
the  tibia  and  fibula  both  in  the  positive  and  negative  the  small  darker 
shaded  area  indicating  the  position  of  the  bullet")  "and  the  flattened 
bullet  between  the  bones.  The  latter  was  extracted  next  day ;  and 
the  patient  is  now  nearly  well  enough  to  leave  the  hospital.  The  bullet 
was  two  inclies  deep  in  the  flesh  and  had  been  flattened  into  a  ragged -edged 
disc  with  a  groove  where  it  was  lying  against  the  bone.  It  had  been  in 
the  leg  since  Christmas  night.  Its  position  was  guessed  at ;  but  the  photo- 
graph converted  a  surmise  into  a  certainty.  On  the  same  night,  February 
7,  we  obtained  the  hand  of  which  I  send  a  copy.  It  was  interesting  not 
only  for  its  good  definition  (for  a  fourth  attempt),  but  because  it  shows 
the  rare  sesamoid  bones  on  the  thumb  and  little  finger.  It  belongs  to  a 
champion  canoeist. 

"The  main  ideas  I  have  found  time  to  try — increasing  the  sensitiveness 
of  the  plate  by  (1)  placing  a  fluorescing  screen  inside  the  holder  in  con- 
tact with  it :  (2)  soaking  the  plate  in  the  fluorescing  substances — I  now 
see  have  been  successfully  carried  out  by  Geissler,  of  Bonn ;  so  that  I 
have  nothing  new  to  interest  your  Society. 

"Believe  me, 

"  Very  truly  yours, 

"John  Cox." 

"The  idea  was  to  excite  sympathetic  fluorescence  and  gain  intensity  by 
resonance." 

Dr.  Pepper,  continuing  with  original  remarks  : — As  to  Mr.  Carbutt's 
remark  as  to  obtaining  flexible  discs  for  curved  surfaces  and  this  (from 
Prof.  Cox)  interesting  contribution  as  regards  the  diagnosing  of  internal 
conditions,  I  would  say  the  excitement  has  spread  the  world  over: 
every  day  I  am  receiving  numerous  letters,  telegrams,  visits  from 
people  at  a  distance,  coming  to  ask  whether  it  has  yet  reached  a 
point  to  become  an  aid  to  internal  diagnosis.  I  will  not  at  this  late  hour 
occupy  the  attention  of  the  Society  by  calling  their  thoughts  to  the 
obvious,  the  very  great  difficulties  of  this  method.  The  tissues  which  are 
inaccessible  to  the  hand  in  palpation  are  guarded  so  often  by  bony  sur- 
faces that  the  danger  of  shadows  existing — which  will  be  almost  more  con- 
fusing than  the  difficulties  which  surround  our  present  means  of  diagnosis 
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— 18  very  obvious.  The  field  of  investigation  is  of  enormous  proportions. 
The  assistance  of  Prof.  Houston  and  his  associate,  Dr.  Ken  nelly,  is 
promised  in  entering  on  an  elaborate  series  of  investigations  in  this  direc- 
tion. Whatever  may  be  the  result,  we  promise  ourselves  the  pleasure  of 
submitting  them  at  a  later  period  to  the  attention  of  the  Society. 

I  have  also  here  a  few  photographs  of  Dr.  Henry  Cattell ;  but  as  most 
of  them  have  been  published  before  I  do  not  know  whether  he  would 
care  to  show  them  at  present. 

^[r.  Wharton  exhibited  a  tube  containiug  argon  produced 
by  Lord  Rayleigh,  which  was  presented  by  him  to  Dr.  Theo- 
dore Wni.  Richards,  of  Harvard  Universitv.  Tliis  tube  being 
arranged  f<3r  sparking  was  introduced  into  the  current  of  a 
Ruhmkorft'  coil,  where  it  made  a  line  dis[)lay  of  color. 

A  number  of  the  members  examined  this  with  a  spectro- 
scope provided  by  Dr.  Goodspeed,  and  thus  observed  very 
clearly  the  characteristic  lines  of  argon. 


Stated  Meetinrj,  March  5,  1896. 

President,  Mr.  Fraley,  in  the  Chair. 
Present,  24  members. 

^[r.  Ifenry  Pettit,  a  newly  elected  member,  was  presented 
and  took  his  seat. 

Correspondence  was  submitted  as  follows: 

Letters  acce])ting  membership  from  Dr.  A.  K.  Kennelly, 
Pliiladelphia  ;  Prof.  AVilliam  l^itts  ^lason,  Troy,  X.  Y.;  Di. 
Henry  C.  McCook,  Pliiladelphia;  Mr.  Henry  Pettit,  Over- 
brook,  Philadelphia. 

Letters  of  acknowledgment  from  Prof.  A.  K.  Xordens- 
kiold,  Ph.D.,  Stockholm,  Sweden  (14:8,  140);  K.  Accademia 
di  Scienze,  etc.,  M(xlena,  Italy  (143,  144,  145,  14());  Buffalo 
Library,  Buffalo,  X.  Y.  (148);  Dr.  Albert  P.  Brubaker, 
Philadelphia  (147,  14S) ;  Hon.  J.  D.  C^>x,  Cincinnati,  O. 
(14'S) ;  Colorado  Scientific  Society,  Denver  (14^5);  Bishop 
Crescencio  Carrillo,  Merida,  Yucatan  (148). 

Accessit)ns  to  the  Library  were  reported  from  the  Linnean 
Society  of  X.  S.  Wales,  Sydney ;  Societd  Hollandaise  des  Sci- 
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ences,  Haarlem,  TTolland ;  K.  D.  Geographische  Selskab, 
Copenhagen  ;  Society  R.  de  G^ograpliie  d' Anvcrs,  Belgiqne  ; 
Geseyseliaft  fiir  Erdkunde,  Berlin,  Prussia  ;  K.  Gescllscliaft 
der  Wisscnschaften,  Guttingen,  Prussia  ;  Societa  R.  di  Xapoli, 
Italia  ;  Dr.  E.  T.  Ilamy,  l^aris,  France ;  Philosophical  So- 
ciety, Cambridge,  Eng.  ;  Theological  Seminary,  Andover, 
Mass.;  Academy  of  Natural  Sciences,  Indian  Rights'  Associa- 
tion, Prof.  William  F.  Xorris,  Philadelphia ;  U.  S.  Xaval 
Institute,  Annapolis,  Md.;  Agricultural  Experiment  Stations, 
Atlanta,  Ga.;  Las  Cruces,  N.  M.;  Historical  Society,  Los 
Angeles,  Cal.;  Observatorio  Central,  Xalapa,  Mexico;  M. 
All)erto  Sanchez,  San  Salvador,  C.  A. 

A  crayon  portrait  (framed)  of  Hon.  Eli  K.  Price  was  pre- 
sented to  the  Society  by  J.  Sergeant  Price,  Esq. 

The  committees  appointed  to  examine  the  papers,  *^A  New 
Method  of  Determining  the  Perturbations  of  the  Minor  Plan- 
ets,'' by  Wm.  McK.  Ritter,  M.A.,  and  ''  On  the  Develo])- 
mentofthe  Mouth  Parts  of  Certain  Insects,"  by  John  B. 
Smith,  reported  in  flivor  of  their  acceptance,  and  on  motion 
thev  were  referred  to  the  Publication  Committee  for  action. 

Dr.  Frazer  then  read  a  paper  by  Dr.  Edw.  Pepper,  entitled 
**  Eucalyptus  in  Algeria  and  Tunisia  from  an  Hygienic  and 
Climatological  Point  of  View." 

The  subject  was  further  discussed  by  Prof.  Houston,  Dr.  Brin- 
ton.  Dr.  Wm.  Pepper,  Dr.  Frazer,  Prof.  Coi)e  and  Dr.  Morris. 

Dr.  Morris,  on  behalf  of  the  Curators,  acknowledged  the 
receii)t  of  the  shadow  picture,  and  the  photograph  from  it, 
taken  by  Prof.  Goodspeed  during  his  demonstraticm  on  Feb. 
21,  and  by  permission  of  the  Society  was  allowed  to  present 
liis  views  on  the  subject. 

It  seems  to  me  that  such  pictures  should  be  called,  not  skiagraphs,  or 
photographs,  but  electrographs  ;  as  they  may  be  produced  under  various 
circumstances  involving  absence  of  light,  but  always  the  presence  of 
some  form  of  electrical  energy — such  as  frictional  eh^ctricity  from  (he 
driving  belt  of  a  wheel,  or  a  magnet  (as  has  been  done  in  Baltimore), 
or  the  direct  rays  of  the  sun  in  the  presence  of  substances  opaque  to 
light  and  heat. 

It  seems  also  to  me  that  we  have  evidence,  apparently  convincing  to 
our  senses,  of  a  current  or  flow  of  a  stream  of  some  sort  through  the 
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Crookes  tube,  e.  g.^  the  rapid  rotation  of  the  radiometer  when  exposed 
to  it.  This  current  or  stream,  of  whatever  it  may  be  composed,  is 
striking  with  great  intensity  and  velocity  more  than  four  hundred 
million  times  per  second  against  a  thin  film  of  glass  which  is  nq);  in  a 
normal  condition  of  equal  pressure  on  both  sides — on  one  side  is  a 
vacuum  more  or  less  perfect,  on  the  other  the  whole  pressure  of  the 
atmosphere.  Such  rapid  blows  cannot  do  otherwise  than  place  the 
glass  in  an  electrically  excited  condition — precisely  like  that  of  the  plate 
of  an  ordinary  electrical  machine.  As  the  exciting  cause  in  this  case  is  a 
current  of  negatively  electrified  molecules  of  air,  the  inner  surface  would 
be  negative,  and  the  outer  intensely  positive,  and  this  would  induce  cor- 
responding conditions  in  all  neighboring  bodies.  The  current  might  be 
very  small,  but  of  very  high  potentiality ;  hence  would  penetrate 
deeply  these  surrounding  bodies,  but  would  also  produce  in  them  all 
the  phenomena  of  induction.  To  this  excited  condition  of  the  glass 
film  of  the  Crookes  tube  we  may  refer  the  phenomena  of  phosphores- 
cence, fluorescence  and  heating,  which  ensue  by  the  transmutation  of 
forces — just  as  when  a  stone  is  thrown  into  a  pond  waves  of  various 
size  and  frequency  will  be  seen  to  be  propagated  and  interfere  with  each 
other.  That  induction  is  the  cause  of  the  formation  of  the  picture  is 
rendered  probable  by  the  fact  that  the  reduction  of  the  silver  salt  takes 
place  next  to  the  glass  of  the  photographic  plate,  and  not  on  the  free  or 
gelatin  surface  ;  and  I  would  suggest  as  worthy  of  experiment  whether 
the  same  eftect  would  not  be  produced  through  a  series  of  similar  plates 
and  not  only  on  the  uppermost  one.  Prof.  McFarlan,  of  Easton,  has 
shown  beautiful  results  proving  the  radiation  of  the  energy  from  the 
cathode  of  the  tube,  which  also  accord  with  the  induction  hypothesis. 
With  regard  to  the  useful  applications  of  these  rays,  they  seem  to  me  to 
aflford  a  rational  explanation  of  some  of  the  benefits  of  the  currents  of 
induced  electricity  on  nutrition  and  other  vital  functions,  which  those 
of  us  who  have  employed  it  in  our  medical  practice  have  often  observed 
without  being  able  fully  to»explain,  and  which  we  can  therefore  use 
more  intelligently  and  beneficially  hereafter.  So  also  with  the  efli'ects 
of  the  direct  sun-rays,  or  sun-bath,  known  from  ancient  times. 

The  plate  shows  the  edge  of  the  coins  and  other  metallic  bodies  not 
clearly  defined,  but  surrounded  as  if  with  a  shadow,  or  shading  oflT; 
this,  when  examined  closely,  seems  to  be  composed  of  fine  lines  radiat- 
ing from  the  coin  or  metal. 

I  therefore  believe  that  the  phenomena  in  question  will  be  found  to 
be  due  to  an  induction  of  statical  electricity,  in  great  measure  if  not 
entirely. 

It  may  be  well  also  to  call  attention  to  the  fact  that  while  sound,  heat 
and  light  can  be  reflected,  refracted,  transmitted  or  absorbed,  no  similar 
phenomena  have  as  yet  been  shown  as  to  electric,  galvanic  or  mag- 
netic forces. 

New  nomination  for  mcmlxjrsliip  1346  was  read. 
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The  President  announced  that  he  had  appointed  Dr. 
Pepper,  Dr.  Frazer,  Mr.  Ingham,  Mr.  Jos.  C.  Fraley  and  Dr. 
Ilays  the  Committee  for  the  special  meetings  agreed  upon  at 
the  last  meetinor  of  the  Society. 

The  Society  was  adjourned  by  the  President. 


Euealyptui  in  Algeria  and  Tunitia,  from  an  hygienic  and  climatological 

point  of  view. 

By  Dr.  Edward  Pepper. 

(Read  before  the  American  Philosophical  Society,  March  6,  1896.) 

INDE5^. 

Chap.     I.  Division  of  Algeria  aiid  Tunisia  into  three  zones,  as  regards  climate,  water, 

trees,  health  and  population. 
Chap.    11.  Chronological  facts  relating  to  the  gprowing  of  eucalypti  in  Algeria  and 

Tunisia. 
Chap.  IIL  General  and  special  advantages  of  these  trees.    Limitations  of  their  uses,  and 

objections  to  them. 
Chap.  IV.  Species  and  varieties  most  8er\*iceable  in  Tunisia  and  Algeria. 
Chap.    V.  When,  where  and  how  to  grow  them. 
Chap.  VI.  Commercial  value  of  eucalypti. 

I. 

Division  op  Algeria  and  Tcnisia  into  Three  Zones  as  Regards 
Climate,  Water,  Trees,  Health  and  PoruLATiox. 

Algeria  and   Tunisia  are  properly  divided    into 
1>1t1s1oii    of      three  zones  as  regards  climatological,  hydrological 
Algeria     and      and  botanical,  as  well  as  hygienic  and  ethnographic 
Timlalalntotbr««       conditions.* 

indicated.  ^^^  southern  zone,  The  Sahara,  consisting  gener- 

ally of  a  vast  area  of  sand,  moving  and  yet  in  parts 
solidified  as  by  petrifaction  (hamada),  inhabited  by  semi-barbarous  and 
roving  tribes  ;  and  of  oases  of  date-palms,  inhabited  by  settled  and  less 
barbarous  communities. 

The  middle  zone  comprises  the  high  plateaux,  or  steppes,  covered 
with  a  wild  vegetation  (herbaceous,  fructiferous  and  rareh'  arborescent) 

•As  regards  purely  hydrographical  conditions,  these  countries  arc  divided  into  only 
two  zones :  the  basin  of  the  Mediterranean  and  that  of  tlie  dcMiert,  all  water  not  flowing 
in  the  one  flowing  In  the  other  direction.  But  as  regards  practical  hydrology  or 
hjdiosoopj  and  its  influence  on  the  climate,  these  colonies  are,  as  stated,  pn>perly 
divided  into  three  zones  here  described. 
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and  sustaiaing  numerous  flocks  of  sheep  and  camels  ;  also  sparsely  in- 
habited. 

Finally  the  northern  zone,  or  coast  region,  El  Tell,  is  generally  culti- 
vated and  much  better  watered  and  wooded,  and  has  both  plains  and 
valleys,  hills  and  mountains.  Here  the  European  population  of  three 
or  four  hundred  thousand  onlv  slowlv  increases  bv  birth  as  well  as  bv 
immigration,  among  three  or  four  million  more  prolific  lowland  Arabs 
and  Kabvle  mountaineers. 

Tlie  Algerian  and  Tunisian  year  has  but  two  sea- 

Tho  year  has  SOUS  :  the  dry  and  the  wet.  The  former  or  summer 
but  two  Heasons.       comprising  three  rainless  months,  July-October,  and 

the  latter  or  winter  months,  October-March,  ottering 
generally  short  and  frequently  heavy  showers  and  rains,  and  four 
months  of  showers  lighter  and  fewer  as  the  season  draws  to  its  close. 
The  transition  between  these  seasons  is  often  sudden,  an  almost  vertical 
sun  radiating  great  heat  over  the  land  as  soon  as  the  cloud-screens  have 
disappeared  from  the  atmosphere. 

A  peculiarity  of  the  coast  region  (the  Tell)  is  the 

Local  climates  diversity  of  the  local  climates  (in  most  cases  im- 
abound  la  the  properly  called  artificial)  due  to  geological  and 
coast  rcfcion.  geographical  conditions,   such   as  the   nature,   con- 

formation and  lay  of  the  land  as  regards  the  higher 
hills  and  mountains,  valleys  and  rivers,  tlie  sea,  lakes,  etc.;  and  also 
toorographical  characteristics,  such  as  the  height  of  the  mountains,  the 
depth  of  these  valleys,  etc.;  as  well  as  to  hydrological  facts,  such  as  the 
presence,  absence,  abundance*  or  scarcity  of  the  waters,  flowing  or 
stagnant,  either  above  or  inubTground.  These  local  climates  also  de- 
pend on  the  extent  of  the  surface  cultivated,  and,  to  a  lesser  degree,  on 
the  nature  of  the  plants  grown.  A  soil  left  to,  or  returning  to  nature, 
such  as  that  of  the  most  northern  Africa  after  the  Arab  conquest,  is  ever 
harmful  ;  the  Corsican  macjuis,  the  Indian  jungle,  the  African  brush, 
the  Australian  bush,  etc.,  are  among  the  strongholds,  and  so  to  say 
the  lairs  of  disease,  especially  of  malarial  disease. 

Moreover,  the  winds  that  blow  over  a  country  exercise  the  greatest 
of  all  influences  on  climate  and  vegetation,  and  conse(iuently  on  health. 
There  are  jiarts  of  northern  Africa,  as  of  Asia,  of  America  and  of  Aus- 
tralia, and  even  limited  parts  of  Europe,  where  a  progressive  popu- 
lation can  never  dwell,  while  the  physical  causes  actually  at  work 
exist. 

In  the  coast  region  of  Algeria  the  same  communes,  nay  even  the 
same  towns  frequently  exhibit  diflerent  climates  in  their  diflerent  parts. 
Thus,  Ali'iers  itself  has  distinctlv  two  local  climates  :  that  of  the  Bab- 
eloiied  and  Marengo  quarter  is  more  bracing,  that  of  the  I5ab-()zoun 
and  Isly  more  relaxing.  These  differences  are  of  great  importance  to 
the  sojourners  generally  and  especially  to  invalids  j)assing  the  winter 
in  Alciers:    and  thev  are  even   more  marked  in   the   suburbs  of  St. 
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Eugene  with  its  nortlieastern  and  of  Mustnphii  with  its  exposure  south- 
eastern, the  hitter  being  under  the  predominating  influence  of  tlie  ex- 
tensive Bay  of  Algiers. 

The  mountains  of  this  region  have  generally  a  dry  and  bracing  air, 
with  severe  cold  in  winter  in  the  higher  altitudes,  where  snows  last 
through  many  months,  and  where  even  cases  of  frozen  extremities 
are  not  rare.  These  highlands  would  in  summer  have  great  attractions 
and  advantages  as  climate  stations  if  they  possessed  suitable  accommoda- 
tion for  sufferers  from  the  heat,  debility,  or  malaria,  prevalent  in  so 
many  parts  of  the  lowlands.  Such  sanataria  would,  in  many  cases,  do 
away  with  the  necessity  of  the  yearly  trip  to  Europe,  habitual  with  an 
ever-increasing  class  of  the  population.  • 

The  general  climate  in  this  region,  as  elsewhere,  is 

General  cli-  but  the  sum  of  local  climates,  with  their  difl*erences 
mate  the  Hum  of  ^^  j^^^^^  ^^j^  ^^^^^^  dampness.  As  to  the  latter,  it  is 
the     local     ell-  .,,,  ,  .1  , 

j^^i^g^  noticeable  tliat  the  atmosphere  is  almost  saturated 

on  and  near  the  seashore  during  the  summer,  except- 
ing when  the  wind  blows  from  the  desert  lying  to  the  south  and  princi- 
pally to  the  southeast ;  the  dampness  being  at  its  maximum  when  the 
northeast  wind  blows ;  while  further  inland  the  dampness  diminishes 
and  finally  disappears.  Thus,  on  the  seashore  and  in  its  proximity  the 
air  contains  less  moisture  in  winter,  although  it  is  tlie  rainy  season  then 
and  the  moisture  is  most  manifest ;  that  of  summer  being  more  per- 
fectly dissolved  in  the  air,  and  (excepting  when  the  northeast  winds 
blow)  being  recognized  more  readily  by  the  hygrometer.  The  rainy 
winter  months  are  naturally  the  damp  months  in  the  interior. 

In  the  prosperous  days  of  old,  Algeria  and  Tunisia 

Algeria      and      were  relatively  thickly  wooded,  as  were  most  of  the 

Tunisia    were      countries  bathed  by  the   Mediterranean,  and  they 

weu-woodedand  doubtless  more  healthy  than  now.     The  mouii- 

healthier     in 

ancient  times.  tains  and  hill-sides,  the  plains  and  alluvial  levels  of 

the  Tell,  as  well  as  some  parts  of  the  high  plateaux, 

have  a])propriate  soil  for  trees,  which  in  the  former  region  would  still 

abound  if  not  systematically  ruined  by  the  fires  kindled  by  the  Arabs,* 

and  the  abuse  of  pasturage,   their  almost   universal    waste  of   wood, 

resins  and  barks,  among  which  may  be  cited  valuable  cork  and  tannin 

barks. 

Actuallv  the  fourteen  million  hectares  of  the  Tell 

Bxtentofwoods  have  less  than  fourteen  hundred  thousand  hectares 
remaining  as  of  forests  left,  ottering  scrub  or  brush,  and  less  fre- 
oompared  to  that  ^^   ^j       although  there  are  fine  exceptions,  forest 

of  France.  *  •' '  ,         .,  •    1^       -ii-  c 

trees ;  as  compared  to  the  seven  or  eight  million  of 

♦  And  yet  Dew  feiowths  frequently  spring  up  from  theushesof  these  fires,  under  the 
U'ethof  the  cattle,  so  to  speak  ;  but  only  to  be  tired  again  10  produce  new  pasturage, 
until  finally  in  this  weakly  and  intermittent  existence  the  beneficial  inlluence  exercised 
on  thejclimate  by  trees  is  rcnluced  to  a  minimum. 
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hectares  of  generally  better  woods  remaining  in  France,  with  its  surface 
of  about  fifty  million  hectares. 

The  above  fact  is  quite  sufficient  to  justify  the  alarm-cry  of  the  Ligue 
du  Heboisement,  which,  alas,  has  so  far  been  **vox  clamantis  in  de- 
sert o." 

Consequenees  '^^*®  ruthless  destruction   of  forests,  groves  and 

of  the  ruthless  frequently  of  scattered  trees  is  still  going  on  and  is 
destrucUon  o  f  the  main  cause  of  the  diminution  of  the  rainfall,  the 
Itlu*oir**om    '*      exhaustion  of  the  soil  and  of  the  consequent   un- 

healthiness  of  many  sections. 
Other  causes  of  agricultural  decadence  and  of  un- 

Other  causes  of  healthiness  have  manifestly  been  at  work  in  north- 
agricultural  de-  ^j,jj  Africa  since  the  Arab  conquest,  such  as  the  waste 
cadence  and  un-  ^ 

healtliiness.  ^^  manure,  which  is  left  to  breed  disease  around  the 

gourbis  and  douars,  the  want  of  proper  alternation 
in  crops,  the  superficial  mode  of  tilling  and  the  always  incomplete  culti- 
vation of  even  the  small  surface  that  the  Arab  deems  strictly  necessary 
for  the  maintenance  of  his  family  and  domestic  animals,  his  calculations 
(?)  being  based  on  an  average  crop. 

This  is  not  true  of  the  Kabvle  mountaineers,  a  difl^erent  and  thrifty 
race,  comparatively  progressive  and  who,  like  the  Swiss,  cultivate  in  a 
primitive  way,  it  is  true,  yet  very  generalh',  all  their  soil. 

To  sum  up,  of  all  countries,  Algeria  and  Tunisia,  so 

Urgrent  reasons      sparsely  inhabited  as  compared  even  with  the  less 

or  rep  an   ng  o        densely  populated  nations  of  Europe,  require  to  be 

well  provided  with  wood  on  account  of  the  general 
dryness  of  the  climate  (except  on  or  near  the  seashore),  the  unequal 
distribution  of  the  rain-fall,  which  occurs  only  during  the  cooler  months 
of  the  year,  when  the  heavy  downpours  are  in  a  great  measure  wasted 
by  the  imi)ermeable  nature  of  the  soil  on  the  Tell,  where  the  head- 
waters are  torrents,  and  the  lower  and  more  level  parts  of  the  small 
rivers  lose  by  evaporation  much  or  sometimes  even  all  of  the  water  re- 
tained for  any  length  of  time  in  summer  ;  woods  are  needed  also  on 
account  of  the  great  variations  in  temperature  and  dampness  before 
mentioned,  and  which  in  the  middle  and  southern  zones  produce  nycthe- 
meral  difli*erences  of  as  much  as  fortv  and  even  fiftv  dei^rees  (centi- 
grade),  while  in  the  northern,  the  hygrometer  attains  its  extreme  re- 
cording limits,  now  under  the  influence  of  winds  imniediat<'ly  laden 
with  the  moisture  of  the  sea,  anon  subjected  to  the  parching  action  of 
the  desert.  Not  only  should  woods  be  protected  in  these  colonies,  but 
as  many  trees  as  possible  should  be  grown  ;  for  is  it  not  an  axiom  in 
climatology  that  (except  in  countries  lying  in  the  path  of  damp  winds) 
a  large  proportion  of  woods  is  indispensable  to  that  ecjuable  distribution 
of  heat,  cold  and  dampness  which  produces  successful  agriculture,  a 
healthy  climate  and  general  prosperity  ? 
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II. 

Chronolooical  Facts  as  to  the  Gbowing  op  Eucalypti  in 

Algeria  and  Tunisia. 

The  first  seeds  of  eucalypti  consigned  to  the  earth  in 

i>ate  of  lotro-      northern  Africa  were  sown  in  the  Jardin  d'Essai  of 

auction  of  Buoa-      Algiers  in  1862,  by  Mr.  Hardy,  director  of  the  botani- 

lypti  into  north-      cal  garden  thus  named,  and  in  the  same  year  by  the 

ern  Africa.  Comte  de  Belleroche,  who  procured  them  from   the 

director  and  sowed  them  in  his  property  in  the  Com- 
mune of  El  Biar,  four  miles  from  town.* 

These  experiments  having  succeeded,  the  trees  were 
SaccesslTc   ex-      goon    grown  to  prevent  malaria,   still  so  prevalent 

periments   In      throughout  northern  Africa,    and  which  made  most 
erowlns  tncm  as  ,  .      « ,        .    .  Mrsnm,        %  ^r^m,^       «  .« 

a  preventire  of     c^el  ravages  m  Algeria  between  1867  and  1876,  while 
malaria.  immigration  and  the  development  of  the  colony  were 

receiving  their  greatest  impulse. 

The  importance  of  preserving  the  public  health  where  satisfactory,  and 
of  improving  it  in  the  more  numerous  districts  where  conditions  and  cir- 
cumstances were  against  it,  was,  at  this  time,  more  generally  recognized 
by  thQ  government  and  the  people.  The  "Fonts  et  Chauss6e8,"t  the  im- 
portant companies  and  societies,  corporations,  municipalities  and  many 
private  individuals  grew  eucalypti  in  the  principal  settlements  infested 
by  the  disease,  believing  that  they  had  at  last  discovered  a  panacea 
against  the  evil. 

In  1868  Mr.  Ernest  Lambert,  inspector  of  the  forests  of  Algeria,  sowed 
a  grove  on  the  Bouzareah  mountain,  above  Algiers,  where  now  is  the 
forest,  or  rather  wood  of  Baihnen.  Then  Dr.  Mares,  atBoufarik,  planted 
a  grove  on  his  farm,  reporting  to  the  Society  d'Agriculture  seven  years 
later  that  the  health  of  his  neighborhood  was  satisfactory.  Malaria  in 
its  worst  forms  had  constantly  prevailed  there  until  then  and  until  the 
Umd  had  been  sitceeeafuUy  drained. 

During  the  two  succeeding  years,  the  Soci^t^  Alg^rienne  planted  100,- 
000  eucalypti  near  Ain-Mokra,  a  village  on  the  shore  of  Lake  Fetzara. 

The  mining  company  of  the  Mokta  soon  followed  with  many  still 
larger  plantations  in  the  same  region,  where  the  public  health  improved 
towards  1875,  the  mines  being  thenceforth  worked  during  the  summer, 
an  impossibility  until  then,  owing  to  the  excessive  mortality  among  the 
workmen,  due  principally  to  pernicious  forms  of  malaria. 

The  latter  plantations  remain  among  the  most  extensive  in  Algeria,  and 
offer  a  striking  instance  of  the  frequently  great  aid  given  by  eucalypti 
against  malaria.  Thick  curtains  of  the  trees  were  grown  between  the 
lake  and  the  village,  while,  at  the  same  time,  a  draining  canal  was  cut  in 

*  Now  known  as  £1-Afia,  and  belonging  to  the  author. 

t  Government  engineers,  entrusted  with  the  construction  and  repairing  of  roads  and 
bridges,  and  the  buoying  of  harbors. 
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the  shallow  bed  of  the  lake,  sufficiently  deep  and  wide  (so  thought  the 
engineers)  to  carry  off  the  stagnant  waters  and  dry  up  the  swamp.  This 
result,  however,  was  not  attained,  but  yearly  thenceforth  the  waters  of 
the  lake  were  emptied  early  enough  in  the  spring,  and  before  the  summer 
heats,  for  the  spongy  shores  to  be  covered  with  an  herbaceous  vegeta- 
tion offering  here  and  there  comparatively  fair  pasturage.  The  coincidence 
of  this  partial  draining  with  the  planting  of  eucalypti  does  not  permit 
the  conclusion  that  the  improved  sanitary  condition  of  Ain-Mokra  is 
wholly  due  to  these  trees. 

At  Maison  Carr6c,  Cardinal  Lavigerie  and  the  white  Fathers,  as  well 
as  MMs.  Sauli^re,  Cordier,  Trottier  and  others  sowed  and  planted,  the 
Urst  large  the  last  small,  groves  of  eucalypti,  with  a  marked  improve- 
ment on  the  health  of  the  community,  which,  however,  still  remains  far 
from  good. 

These  enterprises  were  rapidly  followed  by  many  others,  and  now  most 
Algerian  villages,  especially  if  in  malarial  districts,  have  more  or  less 
extensive  groves  or  avenues  of  eucalypti,  and  many  farms  are  also  well 
provided  with  these  trees. 

III. 

General  and  Special  Advantages  Claimed  for  Eucalypti.  -Limi- 
tations AS  to  the  Uses  op  and  Objections  to  Them. 

Among  the  advantages  of  trees  in  general,  shared 
Advantages  of      to  a  certain  extent  by  eucalypti,  is  the  grateful  shade 
trees  in  general,      procured  in  hot  countries  to  dwellings,  and  to  cattle, 
includlng^^eaca.      ^^^  ^^^^^  domestic  animals. 

good  effect  on  ^rees  also,  including  eucalypti,  gratify  the  eye,  and 
the  morale  and  the  latter  have  totally  changed  the  aspect  of  the  plain 
on  health.  of  the  Isscr  river,  since  they  have  been  grown  around 

its  villages  and  farms.  This  is  not  merely  an  lesthetic 
result.  The  fact  has  its  practical  importance  as  acting  directly  on 
the  morale  and  therefore  indirectly  on  the  ])hy8ical  state  of  the  colonist. 
For  trees  form  in  the  barren  regions  almost  the  only  objects  on  which  the 
eye  rests  with  pleasure,  recalling  the  triumph  of  man  over  desolate 
nature,  diminishing  in  the  heart  of  the  pioneer  that  terrible  longing  for 
less  stern  realities  and  cherished  scenes  in  the  past,  which,  if  not  checked 
in  time,  opens  the  door  to  disease,  even  in  the  most  robust  constitutions.* 

Another  general  advantage  of  trees,  particularly  of 

ForeHU    cauiie      eucalypti,  is  that  forests,   like  mountains  and  other 

the    winds    to      barriers,  as  is  well  known,  when  opposed  to  the  wind 

ancend  and  pro-      f^^^^  j^  ^  j.jg^  ^jjj^^^  ^^^  ^^^^  j^  ^j^^  hjglier  and  more 

duce  rain.  .«    ,   ,  ,.    ,  ,  ,  , 

rarifled  layers  of  the  atmosphere,  whence  result  con- 

*  We  remark  Incidentally  that  In  Algeria  and  Tunisia  trees  are  not  more  numerous 
than  at  the  time  of  the  French  conquest ;  they  are  fewer  in  fact.  But  trees,  cs]ieclally 
C'ucaly]>tt,  have  been  Rrown  judiciously,  whore  most  serviceable  to  health.  The  cultiva- 
tion of  the  vine  has  also  accompli.shed  much  gootl,  more  even  than  eucalypti,  because  so 
mucli  more  extensively  planted. 
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densatioD,  saturation  of  the  diffused  aqueous  vapors  and  finally  rain. 
If,  as  Mignet  says  :  "  A  forest  is  worth  a  mountain  to  produce  rain," 
then  the  higher  and  more  numerous  the  trees,  as  the  higher  and  more 
extensive  the  mountain,  the  greater  the  precipitation  of  water,  ceteris 
paribui.*  Scrub  growths  seem  to  exercise  little  or  no  influence  on 
the  rainfall,  as  witnessed  in  Greece,  northern  Africa  and  elsewhere, 
where  this  wild  vegetation  is  principally  composed  of  lentisci  and 
dwarf  palms,  while  we  observe  that  the  few  million  trees  grown  in  Egypt 
under  Mehemet  Ali  and  his  successors  have  brought  back  rains  unknown 
for  ages.  This  is  doubtless  a  fair  inference  and  not  merely  a  coincidence 
due  to  other,  such  as  cosmic  causes. 

Among  the  special  advantages  of  eucalypti,  one  of 
the  most  important  for  the  colonist,  who  can  ill  afford 
to  wait  long  for  a  result  from  his  labors,  is  their  rapid 
growth,  as  compared  to  that  of  other  trees  suitable  to 
this  climate,  excepting  perhaps  some  acacise  mimoste, 
as  shown  by  the  following  table  approximately  correct 
for  an  average  appropriate  soil  and  exposure  : 


Special  advan- 
tagem  of  euca- 
lypti. Rapid 
growth. 


Agk,  Years. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


H^GHT,  Metres. 

3 

5 

7 
10 
13 
15 
17 
19 
22 
25 


Circumference,  Metre. 

0.10 
0.15 
0.30 
0.40 
0.55 
0.75 
0.90 
1.10 
1.45 
1.60 


Resistance  to 
heat  and  to  slight 
frost. 


An  ti  miasmatic 
action. 


3Ioreover  the  trees  thrive  where  no  others  will,  in 
the  bad  lands  of  these  colonies,  generally  resisting 
great  heat,  and  several  species  withstanding  relative 
cold  and  even  slight  frosts  and  snows,  as  in  Austra- 
lia. 

To  their  balsamic  odorf  is  perhaps  due  an  antimias- 
matic  action  on  the  surrounding  atmosphere ;  and 
certainly  the  constant  evaporation  through  their  leaves 
of  the  dampness  taken  up  by  the  roots  is  a  most  im- 
portant agent  of  improvement  for  soils  needing  to  be  drained,  while  these 

*Bare  mountains  lying  in  the  path  of  damp  winds  naturally  produce  torrents  and 
landslides  instead  of  the  u^ful  rain^^  occasioned  by  wooded  mountains. 

fThis  balsamic  exhalation  from  the  young  shoots,  twigs,  the  leaves  and  fhiit  is  due  to 
an  essential  oil  similar  to  that  of  cajeput,  whigh  being  oxidized  by  the  air,  produces 
ozone,  and  which,  when  refined,  gives  eucalyptol,  a  sort  of  camphor  in  eomi*(>sition  and 
chemical  properties,  most  ser>'ict'able  as  a  febriluge,  tonic  stimulant,  aseptic  and  anti- 
septic ' 
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trees  have  not  the  inconyeoiences  of  some  other  hardy  trees  of  a  slightly 
less  rapid  growth,  but  also  useful  for  draining,  such  as  plane  trees,  to 
which  are  ascribed  (?)  many  cases  of  conjunctivitis  and  keratitis,  preya- 
lent  in  Algeria,  Tunisia  and  throughout  the  East  generally.* 

Frequently  malaria  is  not  due  to  the  soil  on  which  a  village  or  farm 
is  built,  but  to  the  neighborhood.  In  this  case  a  heavy  curtain  of  euca- 
lypti interposed  is  always  useful  and  often  sufficient  to  arrest  the  disease. 
Of  course  the  swamp,  or  whatever  be  the  nature  of  this  infectious  soil, 
must  not  be  too  extensive  or  pestilential,  and  the  curtain  must  be  of  suffi- 
cient extent  and  thickness. 

The  eucalypti  form  open  forests,  free  from  under- 
forests        ^  brush,  that  great  temptation  to  the  incendiary  shep- 

herd, who  sacrifices  health  and  well-being  to  a  scant 
resource  in  actual  pasturage  for  his  flocks  (see  above  the  effect  of  burn- 
ing down  trees).  If  the  subsoil  be  compact,  the  roots  return  to  the  sur- 
face ;  if  permeable,  they  remain  sometimes  deep  enough  to  allow  a  few 
scant  and  coarse  grasses  to  grow  between  and  under  their  shade,  if  the 
trees  are  far  enough  apart. 

The  seeds  are  light  and  fertile  and  readily  dissemi- 
Their  seeds  pro-       nated  by  the  wind,  thus  propagating  their  species  and 

extending  plantations. 
A  permanent  The  foliage  is  perennial ;  its  benefit  to  the  atmosphere 

benefit  to  the  (hygrometrically,  electrically  and  antimiasmatically) 

atmosphere.  .  , 

IS  permanent. 
Thev  are  killed  Besides,  many  species  are  killed  with  difficulty,  and 

with  difficulty.  when  destroyed  above  ground  by  axe  or  saw  send  out 

numerous  shoots  from  the  stump  ;  at  first  easily  broken 
off,  but  finally  firmly  fixed,  and  during  the  first  three  years  or  so  giving 
leaves  similar  to  those  of  young  trees  of  their  age  ;  that  is,  lighter  in  color, 
more  flexible,  sticky,  cordiform,  etc.,  and  possessed  of  greater  antimias- 
matic  virtue  than  the  leaves  of  older  trees. 

It  is  well  known  that  the  protection  of  land  against 
A  great  protec-       ^jjj^  ^     ^^^  obstacle  interposed  between  it  and  the 

lion  to  land  .•».,..,  ..         i  ,        ,     .    ,  -      , 

aeainstwind.  Wind  18  directly  proportional   to  the  height  of  the 

obstacle  and  approximately  to  twenty  times  that 
height.  Therefore,  eucalypti  protect  a  much  wider  tract  than  most  other 
trees  against  strong  or  otherwise  harmful  winds,  such  as  the  blighting 
sirocco.  With  a  height  of  forty  metres  they  protect  a  strip  of  four-fifths  of 
a  kilometre  in  width,  the  highest  indigenous  trees  not  protecting  more 
than  half  this  surface.  The  height  to  which  eucalypti  rapidly  attain  is, 
therefore,  a  sufficient  reason  for  preferring  them  to  other  trees,  except  some 
Acaciie,  Mimosse,  to  protect  land  against  winds.  Alternate  rows  of  euca- 
lypti of  appropriate  species  can  be  judiciously  cut  down  near  the  ground 

*  At  Boufarik  the  great  improvement  in  public  health  is  due  to  plane  trees,  and 
mainly  to  the  thorough  draining  of  the  marsh  on  which  tlie  village  is  built,  and  where 
hundreds  of  colonists  lie  buried. 
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and  kept  trimmed,  so  as  to  afford  protection  by  the  branches  sprouting 
from  their  mutilated  stumps  against  wind  passing  between  them  and  the 
higher  trunks  of  the  rows  left  uncut. 

^  ^  .  Finally,    ashes    of    the    eucalypti    contain    more 

RIohneM  of  their  .     ,    .,         .,  -  ^  ^  -^t     .,      . 

ashes  in  potash.       potasli  than  those  of  most  European  or  North  Amer- 
ican trees. 

A  resource  as  p^^  kindling  and  firewood,  as  fully  described  fur- 

firewood.  ^,  ,       .    «.  ,  ,  ,        , 

ther  on,  most  eucalypti  oner  no  advantages,  although 

serviceable  when  other  woods  are  scarce  and  dear,  and  constituting  a 

precious  resource  in  these  colonies  against  the  ever-increasing  price  of 

fuel.* 

Necessary  Umi-  Naturally  eucalypti  have  their  limitations,  as  has 

tations  to  their        every  useful  plant  in  nature,  and  it  is  a  well-known 

ciimatoiogicai  fact  that  they  have  not  materially  improved  the  un- 

and  hygienic  ad-  favorable  conditions  of  disease-breeding  soil  and  atmos- 
▼antaflres. 

phere  in  the  oases,  where  the  former  remains  undrained 
and  indeed  undrainable,  except  at  the  sacrifice  of  fruitful  vegetation,  lost 
as  are  these  favored  spots  in  the  immense  desert  of  ever-heated  sands. 
Again,  even  the  most  extensive  forests  of  eucalypti  cannot  neutralize  the 
poison  of  very  large  swamps  or  of  flatlands  inundated  only  throughout  the 
winter,  as  is  the  bottom  land  containing  Lake  Fetzara,  already  men- 
tioned, where  the  trees  cannot  be  planted  with  success,  either  on  account 
of  the  excessive  moisture  of  the  ground  or  by  reason  of  its  brackishness 
resulting  from  the  great  evaporation.! 

It  would,  indeed,  be  expecting  too  much  from  eucalypti  to  count  upon 
their  counteracting  in  Northern  Africa  all  the  evil  influences  at  work  in 
many  parts,  and  which  in  other  countries  they  have  been  vainly  expected 
to  overcome. 

The  Italian  reports  are  not  generally  favorable  to 
conflicting.  eucalypti,   nothing  decisive,   it  seems,   having    been 

ascertained  as  to  their  superiority  over  all  other  trees 
in  rendering  less  unhealthy  the  immense  swamps  of  the  Roman  Cam- 
pagna.  It  must  be  conceded  tbat  the  climate  of  Italy  is  less  favorable  to 
these  trees  than  that  of  the  Algerian  and  Tunisian  coast  regions.  How- 
ever, as  noted  by  De  Pietra  Santa, t  "Malaria  remains  prevalent  and 

*  Mr.  E.  lAmbert,  before  quoted,  claims  other  special  advantages  for  the  eucalypti,  such 
as  their  immunity  from  the  mandibles  of  the  locusts,  who  devour  other  vegetation  and 
even  linen  ;  and  he  mentions  the  protection  their  shade  would  aflord  to  tlie  thrusli,  black 
birds  and  other  locust-eating  birds  If  these  trees  were  more  extensively  grown  In  the 
barren  ]>lain8.  He  also  claims  tliat  their  foliage  and  bloom  would  feed  the  honey  bee,  as 
in  Australia,  whereas  apiculture  is  now  generally  confined  to  the  mountains,  which  are 
better  wooded  and  less  parched  in  summer,  when,  in  spite  of  the  heat,  the  insects  remain 
active  in  this  climate. 

t  *'  Eu.  rcttraia  lives  in  water  containing  as  much  as  1  per  cent,  of  chloride  of  soditim, 
but  with  as  much  as  l.oO  per  cent.  g(H)d  results  are  rare  "  (Dr.  Trabut,  Professor  of  Na- 
tural History  al  School  of  Medicine  of  Algiers). 

t  Pietra  Santa,  "Assainissement  de  la  Campagne  Romaine,"  Journal  d'Hygane,  1881- 
1883.    Also  Qcnie  CHva,  May,  18«,  Vol.  ili,  p.  312. 
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severe  in  the  very  districts  of  the  Campagna  of  all  others  where  it  was 
expected  that  the  disease  would  have  been  stamped  out,  so  to  speak,  by 
the  general  planting  of  eucalypti,  especially  when,  as  was  the  case  in  man j 
of  these  places,  vigorous  cultivation  of  the  soil  was  added  to  their  erpected 

action." 

If  now  we  turn  to  Australian  reports,  we  remaik,  as 
AuHtraiian  re-      recogni/.cd    years  ago  by    Prof.     Liversidee.  of  the 

ports     prove      a       »».  .         *1^.,  .  •>.   i..^^ 

limited  antimias-  tniverbity  of  Sidney,  that :  "  Malana  is  far  from  rare 
luatic  action  in  the  vast  forests  of  eucalypti  of  Australia."  Al- 
a^iiiHt  powerful  though  without  doubt  these  trees  have  always  a  bene- 
caasen    of   ma-      ^^-^^^  action,  this  is  not  sufficient,  as  previously  sUted. 

to  overcome  the  imwerful  causes  of  unhealthiness  that 
are  at  work  in  many  places.  Referring  to  this  point,  Tomasi  Crudeli* 
justly  remarks  that :  "  If  all  malarial  soils  had  the  same  chemical  compo- 
sition and  were  similar  topographically  (and  we  may  add  if  they  had  the 
same  climate),  then,  perhaps,  these  trees  could  be  expected  to  improve  the 
unhealthy  soils,  so  as  greatly  to  attenuate  or  even  to  eradicate  the  disease, 
if  at  the  same  time  all  the  diverse  modes  of  improvement  which  have  suc- 
ceeded in  rendering  some  of  them  healthy  were  applied  ;  at  least,  we  could 
only  be  justified  under  such  circumstances  in  expecting  a  good  result. 
Unfortunately,  malaria  is  bred  in  very  dissimilar  soils,  and  we  even  recog- 
nize its  presence  on  the  granitic  plateau  of  Castille.  So  that  systems  of 
soil  improvement  applicable  to  some  malarial  reunions  are  useless  in  others. 
Until  now  we  have  proceeded  empirically  wherever  we  Imve  introduceil 
eucalypti,  and  such  will  be  the  case  until  a  lonjr  series  of  scientific  obser- 
vations and  researches,  combined  with  practical  experiments,  shall  have 
furnished  exact  information  as  to  each  distinct  variety  of  soil  which  pro- 
duces malarial  poison." 

If  such  be  really  the  fact,  let  us  trust  that  the  dawn  is  breaking,  and 
that  each  ray  of  light  thrown  on  the  subject  even  by  such  short  papers  as 
this  (be  the  ray  never  so  weak;  may,  when  collected  into  a  beam,  aid  us 
in  seeing  where  the  truth  lies. 

Objections  have   been   and   are  still  urged  against 

ObjectionH     to      ei,calvpti.     We  will  only  refer  to  them  here,  adding  a 

eucalypti   ««  be-  ,*'  .  «,.  .^  ,...; 

hiK  uffiy.a»« being      word  or  two  of  refutation.     This  first  objection  is  that 

a  e  fi  c  i  e  n  t    in      they  are  ugly.     This,  however,  is  only  relative,  and 

Himde,  iiH  twUt-      j^^^»g  „(j^  extend  to  all  species,  some  being  quite  orna- 

iiiK  their  fibre  to      j^^ntal.  The  sccoud  is  that  their  leaves  hang  vertically 

the    left,    HH    not  . 

icrovrini;    with  an<l  give  incomplete  protection  against  sun  or  ram. 

other  trecM  an<i  But  such  ])rotection  is  preferable  to  none,  surely.    An- 

n»  not  beiiiK  re-  ^^j^gj.  jg  ^1^^.}^  strong  tendency  to  twist  to  the  left.f 

muuerative.  ^yhich  greatly  interferes  with   their  being  sawed  into 

♦TomaM  Cnidfli,  ■•  La  imilariu  dr  K'Uju- «'t  rancicii  dralnaj,'^-  «1(S  cnlUnes  Ilnmaines." 
lA'Crusnier,  18M. 

+  This  lrv(>K'ymti«Mi.  which  const  it  iitf>>  the  main  «»bj«'Cti<)n  to  «Micalyi»ti.  after  tin'  conrfd- 
cmil»»n  tliat  iIhv  are  unn'innn»'mtivr.  has  mvrr,  as  far  a«  known.  Ixmmi  «xi)laincd  satis- 
factorily It  is.liowevtT.  nnuli  \vt»  nianif(Jit«*d.  as  hm*  not«Hl.  in  clo^^•  and  extensive 
plantation?,  and  then-  is  a  niarlc»'d  ditlrn-nce  anions  the  Hinries  as  to  twistinB.  liut  why 
is  this  twisting  ever  to  tlie  left,  witlnmt  n.-gard  to  tlic  direction  of  tlie  \vin<l? 
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planks ;  but  this  twisting  can  be  lessened  in  many  cases  by  growing 
the  trees  in  close  and  extensive  plantations,  which  gives  most  of  them 
proper  protection  against  the  winds.  Yet  another  objection  is  that  euca- 
lypti will  not  thrive  generally  when  intergrown  with  other  trees,  and  will 
interfere  with  the  other  trees  and  even  kill  them  off;  or,  more  rarely  in 
these  colonies,  that  they  will  be  injured  by  the  other  trees.  Both  of  these 
facts  can  be  prevented  by  leaving  sufficient  space  between  eucalypti  and 
the  other  trees. 

The  principal  and  insuperable  objection  to  eucalypti  requires  also  but  a 
simple  mention  here  :  there  is  no  money  to  be  made  from  them,  or,  at 
least,  such  is  the  experience  of  the  growers  until  now,  the  trees  having 
been  introduced  into  Algeria  and  Tunisia  more  than  a  quarter  of  a  cen- 
tury ago.  Those  who  recommended  their  being  grown  by  others  for  a 
large  profit  have  benefited  by  being  prematurely  rewarded  by  the  govern- 
ment for  their  zeal. 

Alas  I  that  favorable  prophecies,  with  all  the  calculations  to  support 
them,  should  have  proved  fallacious. 

IV. 

Species  and  Varieties  of  Eucalypti  Most  Serviceable  in  Tunisia 

AND  Algeria. 

Among  the  very  numerous  species  and  varieties  of  eucalypti,  our  choice 
is  founded  on  the  recent  study  and  actual  knowledge  of  the  trees.  Eu. 
globulus  (blue  gum)  grows  well  enough  in  generally  dry  soils.*  and  yet  is 
especially  suited  to  damp  subsoils;  its  leaves  and  fruit  are  rich  in  essential 
oil  and  it  is  abundant  in  its  indigenous  soil,  Australia.  We  owe  the  fact 
of  its  being  the  first  species  introduced  into  northern  Africa  to  these  ad- 
vantages, as  mentioned  in  our  second  chapter  ;  also  to  the  fact  that  there 
was  at  the  time  a  relative,  if  not  absolute,  ignorance  of  the  merits  of  the 
more  valuable  and  equally  hardy  or  even  hardier  species  (which  are 
still  not  sufficiently  known  in  these  colonies).  But  its  wood  is  inferior 
for  any  purpose,  as  is  fully  stated  elsewhere,  and  the  red  gums  have  been 
generally  preferred  within  the  last  few  years. 

We  refer  at  length  in  our  last  chapter  to  the  many  qualities  of  Eu.  mar- 
ginata,  which  is  as  yet  so  extremely  rare  as  to  be  scarcely  noticeable  in  a 
practical  nomenclature  of  species  found  here. 

Among  the  most  remarkable  species  of  red  gums  grown  here  are  Eu. 
roBtrata  and  Eu.  resinifera,  and  numerous  hybrids  or  crosses  of  these 
species.  The  former,  when  extensively  grown  from  the  seed  and  planted 
out,  furnishes  a  good  wood,  withstands  the  dryness  of  the  summer  in  tb«^ 
interior,  seems  to  be  one  of  the  most  resistant  of  trees,  and  reproduci 
self  spontaneously  in  the  coast  region  (where,  probably,  it  will  boob 

*  Neverthclefls  it  sometimes  dies  suddenly  witliout  apparent  eauBe  after  attal 
considerable  size. 
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come  acclimated).    The  latter  withstands  iDtense  drought  and  requires 
deep  and  dry  soil. 

Besides  the  ahove  species,  among  the  most  robust  and  advantageous  to 
northern  Africa,  according  to  Dr.  Trabut,  are  the  following:* 

Eu.  tereiicamii. 

Eu,  amigdalina. 

Eu.  botryoidea. 

Eu.  coloasea  {Eu.  dicersicolor). 

Eu.  comuta. 

Eu.  corinocalyx  (dry  soils). 

Eu.  gomphocephala  (still  rare,  but  most  useful). 

Eu.  goniocalyx. 

Eu.  leucoxylon  {Eu.  iideroxylon). 

Eu.  maculata. 

Eu.  muUtri. 

Eu.  oecidenUilis. 

Eu.  polyanthema  (Shaw),  Eu.  populnea  of  Miiller,    Eu.  papulijoha  of 

Hook,  etc. 
Eu.  roBtrata  (brackish  swamps). 
Eu.  robuata. 
£u.  romeliana  (hybrid  from  Eu.  botryoidea  and  Eu.  rostrata,  leafy  and 

8tn)ng,  obtained  by  Dr.  Tnibut). 
Eu.  TudU  (large  capsules). 
Eu.  soUgna. 
Eu.  timinalis. 


Where,  When  and  How  to  Grow  Eucalypti  in  These 

Colonies. 

Eucalypti,  like  AcacuE,  Mimosa,  and  plane  trees,  thrive 

Where  to  grow  ;  *.  '  i    V.  ,   ^      j 

jl^^.jij  in  countries  where  there  are  but  two  defined  seasons  ; 

yet  in  Algeria  and  Tunisia  they  are  only  to  be  grown 
in  the  coast  region,  especially  in  the  larger  valleys  and  on  the  hillsides. 
Neither  the  extreme  cold  of  winter  on  the  high  plateaux  of  the  central 
zone,  nor  the  extreme  heat  of  the  southern  or  Saharan  zone  and  the 
chiinges  between  the  temperatures  of  day  and  night,  are  suitable  to  them. 
Adaptable  to  widely  different  conditions  of  temperature,  according  to 
species  and  to  the  composition,  depth,  dryness  or  dampness  of  the  soils  in 
ditferent  parts,  yet,  in  the  words  of  Sir  Lambert  Play  fair,  f  it  would  be 

•Dr.  Trabut,  Pn)ressorol  Botany  at  the  EcOles  Suporleures,  Algiers. 

+  Sir  Laratjert   Playfair,  Con.sul  General  of  Great  Britain  at  Algiers,  Report  on  the 
planting  of  Eucalypti  in  Algeria,  May  16,  l**??,  No.  21. 
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"  as  useless  to  attempt  to  grow  them  in  the  Tropics  as  it  would  be  in  the 
north  of  Scotland." 

For  species  suitable  to  special  soils  see  preceding  chapter.  Generally 
speaking,  eucalypti  should  be  grown  throughout  Algeria  and  Tunisia,  pref- 
erably in  swampy  localities,  on  the  shores  of  lakes,  around  ponds  either 
shallow  or  brackish  and  partly  dry  in  summer,  in  damp  bottom  lands,  on 
the  banks  of  water  courses  which  are  sluggish  or  frequently  changing 
their  beds  (as  are  most  north  African  rivers,  which  often  ruin  whole  valleys 
that  might  be  fertile  under  other  conditions),  in  places  exposed  to  land- 
slides or  slips,  for  they  are  generally  not  on  a  large  scale,  although  fre- 
quent on  account  of  the  abundant  clay  of  the  coast  region.  We  have 
seen  also  that  they  aid  in  protecting  villages  and  farms  against  noxious 
winds,  sun  and  the  malaria,  whether  bred  in  loeis  or  in  the  neighborhood. 
Finally  eucalypti  are  advantageously  grown  in  any  appropriate  soil  of 
little  value  for  other  purposes,  if  a  Judicious  choice  be  made  among  the 
species.  Whatever  be  the  locality  chosen,  the  surface  soil  must  be  perme- 
able and  otherwise  suitable  ;  the  subsoils,  if  compact,  force  the  roots  to 
spread  out  mesh-like  to  considerable  distances,  sixty  metres  as  we  have 
measured,  in  the  direction  of  water  or  of  deeper  and  better  or  damper 
soil. 

Without  a  ditch  of  a  couple  of  metres  in  depth  be- 

Whcre  n4>t  to      ing  dug  as  a  separation  between  eucalypti  and  the 

iprow  them.  other  more  valuable  plant,  no  eucalypti,  particularly 

not  Eu.  globulus,  should  be  grown  near  these  plants 
(orange  or  other  fruit  trees,  vines,  flower  beds,  etc.),  nor  too  close  to  a 
spring  (always  most  precious  in  these  colonies),  a  well,  a  reservoir,  a 
building  or  any  useful  wall,  as  eucalypti  send  out  roots  which  absorb  the 
nourishment  of  other  plants,  and  sometimes  ruin  constructions  even  of 
cement. 

Eucalypti  are  grown  from  seed,  either  sown  in  loco. 

Three  modes  of     in  the  open  field  where  the  trees  are  to  remain,  or,  pref- 

prop»s*tioii.  erably  in  Algeria  and  Tunisia,  the  seed  should  be 

sown  in  pans,  the  young  trees  being  planted  out  prop- 
erly and  at  the  proper  time  ;  or  they  are  grown  from  young  trees. 

The  seeds  take  from  fifteen  to  twenty  days  to  germinate,  according  to 
eoil  and  season.  They  are  small,  light  and  generally  fertile.  They 
ahould  nowhere  be  covered  by  more  than  a  centimetre  of  finely  divided 
earth. 

Water  is  generally  scarce  in  Algeria  and  Tunisia,  and  artificial  irriga- 
tion being  expensive,  cannot  be  attempted,  if  the  plants  are  to  be  grown 
on  a  large  scale. 

For  both  sowing  and  planting,  the  ground  should 

Preimratloii  of      ^  prepared  several  months  before  the  seeds  or  the 

the  ground   for      trees  are  consigned  to  it.  The  soil  should  be  broken  up 

•  owini;     and      by  a  subsoil  plough  to  a  depth  of  0.05  metre  or  more, 

plnntins.  when  possible,  and  all  foreign  growths  removed. 
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Shortly  before  sowing  in  the  open,    the    ground 

should  be  ploughed  crosswise,  that  is  in  both  direc- 

Sowing  in  the      tions,  and  reploughed  lightly  in  furrows  1.5  metres 

®P«">«  apart.    The  seeds  should  be  carefully  deposited  every 

two  steps  (or  at  intervals  of  1.5  metres)  and  covered 
with  a  thin  layer  of  fine  earth.  Of  course,  this  entails  irregularities  in 
the  interspacing  of  the  shoots,  as  many  seeds  do  not  germinate,  being 
blown  or  washed  away  or  washed  under,  and  the  young  plants  of  the 
same  species  grow  more  or  less  rapidly,  according  to  the  quality  of  the 
surface  soil,  and  in  a  lesser  degree  to  the  nature  of  the  subsoil  in  various 
places  in  the  same  localities,  and  moreover  the  growth  is  less  rapid  for 
some  time  than  when  young  shoots  are  planted.  This  sowing  in  the  open, 
which  should  take  place  at  the  beginning  of  the  rainy  season,  appears  to 
be  cheaper  than  sowing  in  pans  and  planting  out  the  young  trees  a  few 
months  old,  the  labor  being  so  much  less,  but  in  the  end  it  is  dearer  as 
so  many  seeds  do  not  germinate,  and  the  sowing  has  to  be  renewed  fre- 
quently. 

The  seeds  are  preferably  sown  in  pans  or  boxes,  and 
Sowing  in  pan9      the  young  trees  planted  out  at  the  proper  age  and 
to  plant  oat  tlio       season. 

shoou.  **  Prepare  a  compost  of  vegetable  mould  and  river 

sand  very  finely  sifted.  Fill  the  pots  of  0.15  metre  in 
diameter,  press  the  earth  lightly  and  evenly  with  a  small  zinc  cylinder  of 
about  the  same  diameter  as  the  pot.  Scatter  the  seed  on  the  surface  so  as 
nearly  to  cover  the  whole  of  it,  then,  with  a  very  fine  sieve,  which  may 
be  a  zinc  cylinder  similar  to  the  other  but  perforated  with  very  minute 
holes,  sift  just  enough  of  the  compost  on  the  seed  to  cover  them  and  no 
more.  Press  this  surface  again  lightly  with  the  first  cylinder  and  water 
with  a  watering  pot,  the  rose  of  which  is  perforated  with  the  smallest 
holes  which  it  is  possible  to  make.  This  should  be  done  in  early  May,  so 
that  the  trees  may  be  planted  out  at  the  first  rains  of  autumn  when  the 
ground  is  moist.  Within  fifteen  or  twenty  days  the  seeds  will  have 
germinated,  and  in  about  six  weeks  the  plants  will  be  ready  to  put  out. 
Weed  ofi*  as  soon  as  the  trees  have  produced  four  leaves,  and  transfer  to 
other  pans  of  0.1  metre  in  diameter,  to  be  kept  in  a  shady  place  for  the 
first  day  or  two,  and  then  transfer  to  a  sunny  position  ;  water  during 
the  summer  just  sufficiently  to  prevent  them  from  dying.  The  great  ob- 
ject is  to  retard  their  growth  during  the  summer  so  as  to  keep  them  small 
and  prevent  their  roots  from  becoming  matted  inside  of  the  pans. 

A  second  sowin*:  may  take  place  about  the  middle  of  September,  so 
as  to  obtain  young  plants  ready  to  be  put  into  the  irround  about  the  be- 
ginning of  spring.  In  some  respects  this  plan  is  preferable  to  the  other, 
and  it  is  always  so  when  the  plants  can  be  watered  in  summer.  The 
vouuir  trees  have  a  shorter  time  to  remain  in  the  ])ans,  and  their  roots 
run  less  chance  of  becoming  matted  ;  but  often,  when  the  rains  cease 
early  in  the  year,  they  have  not  become  sutliciently  rooted  in  the  open 
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to  enable  them  to  resist  the  heat  of  summer  without  occasional  irriga- 
tion. 

*'The  Eucalyptus  is  a  plant  that  does  not  stand  being  kept  long  in  a 
pan  ;  its  roots  grow  with  as  great  rapidity  as  the  rest  of  the  tree,  and, 
if  they  are  allowed  to  be  contorted  round  the  inside  of  the  pan,  the  tree 
<loes  not  recover  from  this  unnatural  condition  of  things  and  seldom 
grows  straight  and  healthy." 

As  previously  stated,  as  soon  as  the  ground  (which 

Planting^  in  the      has  been  broken  up  and  freed  from  other  growths, 

open  on  a  large      late  in  the  winter  or  early  in  the  spring  while  wet) 

****  *•  becomes  again  impregnated  with  the  rains  of  autumn, 

plough  and  plant  out  the  young  trees  of  three  to  five 
months*  growth  (which  have  often  five  to  eight  leaves  each),  at  inter- 
spaces of  four  metres  in  trenches,  and  as  they  increase  in  height,  pro- 
gressively fill  in  the  trenches,  till  in  six  months  they  have  entirely  dis- 
appeared, and  instead  of  a  depression,  the  earth  becomes  piled  up  round 
the  stem  of  the  young  trees  ;  this  serves  not  only  to  keep  the  roots 
moist,  but  to  prevent  the  slender  stem  from  being  blown  over  by 
heavy  winds  against  which  eucalyptus  should  always  be  i)rotected  as 
much  as  possible  to  prevent  twisting  and  a  slow  growth. 

It  is  well  to  give  each  plant  a  good  watering  when  put  into  the 
ground,  but  they  will  generally  not  require  another  (?).*  The  soil 
should  be  kept  free  from  weeds  and  open  for  the  first  two  or  three 
years,  which  may  be  conveniently  done  by  passing  a  cultivator  between 
them  in  each  direction  once  or  twice  a  year.  After  the  third  year  they 
may  be  left  to  themselves  and  will  require  no  further  care. 

"Weakly  specimens  are  eliminated  wherever  necessary  and  their 
places  filled  with  hardy  plants,  until  a  full  plantation  of  trees  is  ob- 
tained from  four  to  five  metres  apart." 

When  eucalypti  are  to  be  planted  on  quite  a  small 

Planting  on  a      scale,  instead  of  trenches,  holes  of  a  cubic  capacity 

email  scale.  of  0.5   metre  mav  be  made;    but    this  is    not  to  be 

recommended  in  the  open  field,  as  the  heavy  rains 
are  apt  to  fill  up  the  holes  with  earth  and  smother  the  plant,  instead  of 
being  carried  off  by  the  open  trenches  above  described. 

"By  judicious   management   plantations   can    be 

Definite  aspect      obtained  in  which  the  trees  are  about  four  metres 

of  a  plantation.         apart,  and  after  ten  years  or  srt,  every  alternate  row 

in  its  entiretv  mav  be  cut  down,  leaving  the  remain- 
ing  trees  at  eight  metres  apart." 

•  It  sometimes  hJappons,  when  the  rains  cease  early  in  the  year,  that  ihe  young 
•eucalypti  have  not  become  sufticiently  rooitni  during  their  short  s^>jouni  in  the  open 
ground  to  enable  them  to  resist  the  heat  of  summer  without  occasional  irrigation. 
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VI. 
Commercial  Value  op  Eucalypti  in  Algeria  and  Tunisia. 

The  retail  price  of  Eu.  globulus,  much  the  most 

Peouniarj profit      abundant  among  eucalypti  in  Algeria,  when  cut  up 

fi^m    the    tree*      for  fuel  and  sold  in  Algiers  is  $0.50  a  quintal  (100 

generaUy.  kilogrammes  —  220  pounds),  and  yet  we  have  been 

ofl'ered  by  the  trade  for  full-grown  trees  the  same 
sum,  all  expenses  of  cutting  down,  sawing  and  splitting  into  hearth-logs, 
as  well  as  of  carting  to  town  being  assumed  by  the  buyer.*  The  road 
to  town  is  good,  down  hill  and  only  four  miles  long,  and  the  cost  of 
transportation  is  estimated  at  about  ten  cents  a  quintal.  If  the  road  to 
market  is  not  very  short  and  good,  the  trade  will  not  buy  standing 
eucalypti  at  any  price,  as  there  is  no  profit,  and  frequently  a  positive 
\oss  in  the  transaction,  and  in  the  immediate  pro.ximity  to  any  good 
market  the  purchaser  has  to  pay  too  high  a  price  for  his  land  to  grow 
eucalypti  for  sale. 

Thus  we  see  that  the  business  scarcely  exists  at  all  on  any  scale  worth 
a  longer  notice  here.  And  yet  firewood  is  generally  wretched  in  the 
coast  region,  good  wood  being  procurable  only  in  the  mountains  where, 
with  the  exception  of  the  several  military  roads  which  are  admirable, 
the  roads  are  few  and  bad.  All  fuel  is  therefore  relutivelv  dear,  because 
until  now  no  coal  mines  have  been  W()rked,  although  several  are  said 
to  exist  in  the  colonies. 

In  the  towns  and  even  in  Aljriers  old  boxes,  rafters  from  torn-down 
houses  and  ragged  roots  of  lentiscus  are  ottered  and  bought  as  fire  wood. 

Counting  800  trees  to  the  hectare  (2  acres  1  rood  35 

Details  as  to  perches)  left  after  ten  or  twelve  years,  if  the  trees  are 
expenseri  of  grrow-  ^^jg^  marketable  (as  they  rarely  are  under  the  most 
mar 'in  oT*' *  fit  ftivorable  conditions  and  circumstances),  we  have,  at 
oriosM.  say  50  cents  each,  $200  for  the  product  of  an  hectare 

for  ten  years,  or  820  a  year,  that  is,  about  $9  a  year  for 
the  acre.  From  this  sura,  if  we  subtract  the  cost  of  growing  the  trees  in 
the  most  economical  way,  which  is  one-twentieth  if  the  trees  are  grown 
from  the  seed  planted  in  loco  (as  previously  noted),  and  which  may  be 
estimated  at  $4  a  year  per  acre  ;  and  the  interest  on  the  price  of  the  land 
and  other  incidental  expenses,  we  find  no  profit  left,  or  even  a  pecuniary 
loss,  unless  we  start  with  very  cheap  or  free  land,  most  favorably  and  ex- 
ceptionally well  situated  and  with  2000  trees  per  acre,  to  be  weeded  out 
during  the  first  five  or  six  years :  and  unless  we  can  sell  these  younger 
trees,  which  is  a  very  rare  occurrence,  the  trades  preferring  other.woods 

•These  trvcfi  wore  thirty  years  ol<l.  but  under  th«»  most  favnnible  conditions  the  trees 
would  possibly  have  bnjught  the  same  prico  at  tifleen. 
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for  the  numerous  uses  to  which  eucalypti  are  put  in  Australia,  doubtless 
for  want  of  better  wood.* 

Not  only  is  there,  generally,  no  profitable  market  for 

A  small  market     the  wood  of  eucalypti  in  Algeria  and  Tunisia,   but 

for  the  accessory     ^here  is  a  very  small  sale  of  the  undoubtedly  important 

products  of  euca-  ,  -    ,  ^        «^ 

lyp^^  accessory  products  of  these  trees. 

From  the  leaves,  twigs  and  fruits,  giving  the  essen- 
tial oil,  there  is  still  a  little  profit.  For  the  oil  when  produced  by  the 
colonist  the  demand  is  relatively  small  compared  to  what  it  should  be, 
high  prices  being  asked  for  it  by  the  retail  dealers.f  As  to  the  tannin,  it 
is  not  used  in  Algeria  and  Tunisia,  nor  in  France,  as  it  is  in  Spain  and 
Portugal  for  the  tanning  of  leather  ;  while  the  tannin  of  Mimoste,  or  niimo- 
tannic  acid,  is  recognized  as  a  most  efficient  aseptic  and  antiseptic,  ren- 
dering valuable  services  in  therapeutics,  and  successfully  used  in  diphtheria 
by  Dr.  Bourlier,  the  discoverer,  and  others,  as  prepared  by  C.  Brenta,  of 

Algiers. 

Perhaps  some  choice  species  of  eucalypti,  such  as  Eu, 

Possibility    of     marginata,  Eu.  leucoxylon  (the  black  variety),  will  re- 
some  choice  spe-      deem  the  reputation  of  the  trees  as  a  source  of  pecu- 
cies  being  peca-      niary  profit,  when  grown  under  the  most  favorable  con- 
In  the  fatore.  ditlons  and  circumstances.  Until  now,  however,  noth- 
ing worth  recording  has  been  accomplished  with  this 

•  In  Australia,  as  slated  by  M.  Ernest  Lambert,  ex-In8i>ecior  of  Forests  in  Algeria, 
eucalypti  are  in  general  use  for  manufacturing  such  implements  as  pitchforks  from 
young  trees  two  yeara  old,  whip  handles,  the  handles  of  spader  hoes,  sledgehammers 
and  other  articles  of  daily  use.  Three-pronged  pitchforks,  always  relatively  dear,  are 
readily  procured  from  the  young  trees,  the  stem  of  which  is  broken  oflf  or  cut  ofTand  the 
leaves  of  which  are  stripped  from  the  two  side  branches  of  such  trees,  or  a  branch  is 
pinched  so  as  to  distribute  the  sap  as  regularly  as  p(»s8ible  In  the  three  forks  thus 
obtained.  At  three  and  four  years  old  the  trees  make  carriage  poles  or  shafts,  ladder 
poles,  fence  poles  and  rails,  wheel  spokes  and  other  articles  too  numerous  to  be  recapitu- 
lated here.  At  live  years  telegraph  poles  are  obtained,  which  the  above-named  author 
and  others  afdrm  to  be  more  durable  than  pine  poles,  and  not  to  need  to  be  Injected  by  a 
preser\atlve  substance  to  enable  them  to  lakt.  The  pine  poles  are  only  procurable  from 
trees  of  twenty-five  years'  gn)wth,  during  which,  say  the  above-mentioned  aut)iors, 
eucalypti  give  five  fine  poles  to  one  tree.  For  supfiorts  in  mines  eucalypti  have  also 
their  places  well  defined,  as,  indeed,  for  railway  sleepers,  five  or  six  of  which  are  to  be 
had  from  trees  of  seven  or  eight  years  of  age.  At  nine  they  serve  as  piles  for  docks  and 
quays.  When  cut  up  at  this  age  they  are  serviceable  for  wheel  naves,  carriage  brake.s 
and  drays  and  what  not,  according  to  the  same  panegyrists. 

t  This  oil  la  worth  about  S3  a  kilogramme  at  Grasse,  France.  The  parts  of  eucalypti 
employed  In  Its  manufacture  yield  2  per  cent.  In  weijjht,  while  10,00)  kilogrammes  of  the 
petals  of  roses  and  700  kilognimmes  of  those  of  geranium  yield  but  a  kilogramme  of  these 
more  valuable  oils. 

Many  products,  of  doubtful  origin,  actually  used  In  i)erfumery  under  fanciful  names, 
of  supposed  Japanef^e  and  other  origins,  seem  to  have  no  other  merit  (when  they  are  not 
positively  offensive  to  the  sense  of  smell)  than  their  supposed  scarcity  and  cousc<i«ent 
expensiveness.  Eucalyptol,  if  rare  or  btill  supp<.>sed  to  be,  would  doubtless  be  M>ught  by 
the  extravagant  public  tus  an  agreeable  exotic  perfume.  It  wouM  have  the  merit  of  being 
a  clean  product  of  great  virtue  for  the  toilette,  which  is  more  than  can  be  said  of  any  of 
these  Bo^alled  perfumes — and,  united  in  due  pn>portions  with  pure  white  vaseline  and 
good  toilette  soap,  it  should  be  extensively  used  for  toilet  puri)oses. 
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species,  excepting  the  interesting  experiment  made  by  Dr.  Bourlier  on  his 
farm  near  Regliaia,  where  a  few  of  this  species  have  been  successfully 
grown,  conjointly  with  divers  Acacise  and  especially  with  Mimosne. 

A  fine,  strong,  inexpensive  wood,  almost  uninflamma- 

Desirability  of      ble  and  resisting  decay,  fit  for  barn  and  ship  building, 

the  propagation      railway  ties,    piles,  telegraph  poles,    paving  blocks, 

of  such  line  »pe-      flood-gates,  carpenter's  work  and  even  cabinetmaking, 

cie«   as  Ea.  mar-  ,t^  ..,  ,  ,         a.i. 

ffinata.  ^^^'^  ^^  ^^'  ^(^rgmata,  the  yarrah  wood  or  Australian 

mahogany  is  claimed  to  be,  would  indeed  be  a  boon  to 
Algeria  and  Tunisia,  which  have  so  far  not  been  blessed  with  any  such 
treasure.* 

,  ^.,    ,  ft  is  a  pity  that,  with  the  exceptions  mentioned  in 

Alleged  blind-         ,  .  '^     ,  .        ,   .        ^ 

ness  of  the  pnb-  ^"^®  paper,  the  very  many  merits  claimed  years  ago. 

Ho  and   market  and  Still  claimed  by  some,  for  eucalypti  in  general, 

to  the  merito  of  should  remain  unrecognized  in  Algeria  and  Tunisia  by 

eucalypti  in  gren-  ^j^^gg  ^^^^  y^^^^  y^^^^^  induced  to  make  the  experiment  of 

growing  eucalypti  for  profit.  Either  the  public  and  the 
market  are  blind  to  the  merits  of  eucalypti,  or  else  the  numerous  services 
rendered  by  these  trees  are  still  better  rendered  by  others  at  present  in  use 
for  agricultural  and  industrial  purposes,  as  well  as  for  fuel.  It  is  needless 
to  mention  which  of  these  suppositions  is  the  most  likely. 


On  the  Remains  of  the  Foreigners  Discovered  iii  Egypt  by  Mr. 

Flinders- Petriey  1S95,  noto  in  the  Museum  of  the 

University  of  Pennsylvania. 

By  Mrs.  Cornelius  Stevenson. 

{Read  before  the  American  Philosophical  Society,  March  20,  1S9G.) 

Before  entering  upon  my  subject,  I  must  explain  that  what  information 
I  have  with  regard  to  this  remarkable  collection  is  mainly  derived  from 
private  letters  received  from  Mr.  Flinders-Petrie  last  winter  at  the  time 
of  this  most  brilliant  of  all  his  brilliant  discoveries,  and  at  intervals  since 
then.     Very  little  has.  as  yet,  been  published  concerning  them.     The 

♦Like  the  ree<l  of  the  fablt*.  Eu.  mnrginata  is  tlexibk'  and  Iwjnds  readily  without  break- 
ing. A  block  of  0.5  metre  in  length  and  olfering  a  square  K'Ction  of  0.25  metre  bears, 
before  breaking,  a  weijfht  of  1400  kil«»gran)mes  suspended  from  its  middle,  900  kilo- 
grammes beinj?  the  breaking  weigbtof  arulerof  oakof  thesame  dimensions.  The  resist- 
ance of  En.  marginata  to  crushing  in  the  wime  c«»ndition  is  also  greater  than  that  of  oak 
(iM)th  wjmxIs  having  the  same  density),  and  is  Ji50  kilogranimi*s  to  the  square  centimetre 
of  bearing  surface  ;  its  tensile  strength  is  remarkal)le,  8*K)  kilogrannnesto  the  square  centi- 
metre. Its  resistance  to  parasites  is  very  great.  evi'U  the  terrible  white  ant  <>annot  per- 
forate its  grain,  nor  d<H»s  the  Tertflo  navali^  cause  its  i>ronipt  destruction,  as  is  the  case 
with  other  woods  used  in  naval  c«>nstnietions.  lor  En.  marginatn  has  been  known  to  with- 
6tan<l  the  action  of  the  ship  worm  for  thirty  and  forty  years  (E.  LamlxTt,  above 
quoted). 
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report  has  not  yet  appeared,  and  the  only  sources  of  information  available 
are  a  catalogue  of  the  objects  exhibited  at  University  College  in  London 
last  July ;  some  short  articles  published  by  Mr.  Flinders-Petrie  in  the 
Times  and  in  the  London  Academy  and  reproduced  in  the  American 
Journal  of  ArchcMlogy,  and  a  leaflet  issued  by  the  *'  Egyptian  Research 
Account"  as  a  brief  preliminary  report  to  its  subscribers.  These  with 
the  private  letters  above  referred  to  form  the  basis  of  this  paper. 

You  are  aware  that  last  winter  Mr.  Flinders-Petrie,  whilst  working  in 
the  neighborhood  of  the  villages  of  Ballas  and  Nagada — that  is  some 
thirty  miles  north  of  Thebes  (near  the  twenty -sixth  parallel)  on  the 
western  bank  of  the  river  and  on  the  edge  of  the  desert — made  some 
remarkable  discoveries. 

In  this  locality  were  some  Mastaba-tombs  of  the  old  empire  (IVth  to 
Vlth  dynasties)  and  a  Mastaba-Uke  pyramid,  similar  in  form  to  that  of 
Sakkara,  with  a  sepulchral  chamber  scooped  out  of  the  sand  bed  below, 
but  entirely  constructed  of  natural  blocks,  selected  for  size,  and  in  no 
way  tooled  or  even  broken,  and  therefore  probably  one  of  the  earliest  of 
such  structures. 

The  Mastuba-tombs  likewise  offered  interesting  peculiarities  :  access  to 
them  was  obuined  through  a  stepped  passage,  which  sloped  down  from 
the  north  as  in  a  pyramid.  Nearly  all  these  tombs  had  been  anciently 
plundered,  and  little,  save  a  large  number  of  stone  and  alabaster  vases, 
was  found  belonging  to  their  original  occupants. 

In  some  of  these  ancient  tombs,  however,  were  discovered  burials  of 
strange  intruders,  the  evidences  of  whose  general  culture,  beliefs  and 
funeral  customs  show  them  to  have  been  strangers  m  the  Nile  valley. 
Not  a  single  detail  of  their  culture  did  they  hold  in  common  with  the 
Egyptians.  Moreover,  their  number,  which  was  found  to  have  spread 
over  a  considerable  portion  of  upper  Egypt,  from  Abydos  to  Gebelen, 
over  one  hundred  miles,  whilst  their  influence  was  observable  from 
Tenneh  to  Hieracon polls,  i.  «.,  over  three  hundred  and  fifty  miles,  and 
the  absolute  control  of  the  region  which  they  assumed  and  which  is 
shown  by  the  total  absence  of  any  object  recalling  Egyptian  civilization, 
show  them  not  only  to  have  been  invaders,  but  invaders  who  once  had 
swept  over  the  region  and  who,  settling  down,  had  lived  there  for  a  con- 
siderable period,  borrowing  little  or  nothing  of  the  people  whose  land 
they  occupied.  As  Mr.  Petrie  wrote  in  the  first  outburst  of  enthusiasm 
following  upon  his  great  discovery:  They  form  "a  grand  new  puzzle 
and  might  as  well  have  been  found  in  Siberia  or  in  France  for  aught  of 
their  connection  with  regular  Egyptian  antiquities." 

This  complete  wiping  out  for  a  time  of  the  Egyptian  civilization  is  one 
of  the  most  striking  features  of  this  remarkable  episode,  and  gives  point  to 
Mr.  Flinders-Petrie*s  discovery.  In  the  large  number  of  burials  opened 
"nota  god,  notascarab,  not  a  hieroglyph,  not  an  amulet,  not  an  £g}'ptian 
bead  was  found."  These  people  were  great  pottery  manufacturers,  and 
yet,  altboagh  they  settled  in  a  land  where  the  potter's  wheel  had  long 
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been  in  common  use,  all  their  pottery  is  hand-made  and  of  form  and  deco- 
ration peculiar, to  themselves. 

An  Egyptian  town  in  the  immediate  neighborhood  jrielded — in  different 
strata—pottery  of  the  IVth,  Xllth.  XVIIIth  and  XlXth  dynasties,  and 
presented  not  one  single  link  with  the  peculiar  manufactures  of  the 
intruders.  What,  then,  had  become  of  the  Egyptians  on  this  extensive 
tract  of  territory  and  during  the  considerable  period  represented  by  the 
layers  containing  variations  of  the  original  industries  of  the  invaders? 

The  kings  of  the  Vth  dynasty  who  ruled  over  united  Egypt  were  said 
by  Manetho  to  have  come  from  Elephantine,  and  vestiges  of  their  power 
and  of  that  of  their  successors  (Vlth  dyn.)  have  been  found  from  the 
southern  frontier  of  Egypt  to  the  peninsula  of  Sinai.  Even  recently, 
fragments  of  papyri  have  been  found  at  Elephantine  bearing  the  names 
of  Rameri  and  of  Noferkara  which  must  be  added  to  the  weight  of  evi- 
dence already  gathered  to  show  the  extent  of  their  empire  (London 
Acad.,  March  14,  1896).  They  were  powerful  monarchs,  and,  like  all  of 
Egypt's  strong  rulers,  they  were  active  in  their  building  enterprises  and 
have  left,  written  on  stone,  eloquent  testimony  of  their  power. 

Of  their  successors,  the  Memphite  kings  of  the  Vllth  and  Vlllth 
dynasties,  however,  nothing  remains  save  a  few  scarabs  bearing  names 
that  can  be  identified  with  some  of  those  given  in  the  Egyptian  lists  for 
that  obscure  period.  Indeed  the  silence  of  the  monuments  is  so  complete 
as  to  become  positively  eloquent.  It  is  evident  that  some  national 
catastrophy  occurred  about  that  time  which  caused  the  dismemberment  of 
the  great  empire  of  the  pyramid  builders  and  reduced  the  power  of  their 
Memphite  successors  to  comparative  insignificance. 

Manetho  gives  five  kings  for  the  Vllih  Memphite  dynasty  and  twenty- 
seven  for  the  Vlllih.  The  Turin  fragments  give  eighteen,  and  the  tablets 
of  Abydos  give  a  selection  of  fifteen.  No  doubt  can  exist,  therefore,  as 
to  their  reigns  having  occupied  a  considerable  period  of  time.  There  is 
evidence  that  during  the  IXth  and  Xth  Ilerakleopolitan  dynasties.  Upper 
Egypt,  which — as  far  as  the  monumental  evidence  is  concerned — seemed 
to  have  been  wiped  out  of  existence,  reappeared  upon  the  scene  of  history, 
and  that  the  princes  of  Thebes  began  to  assert  themselves  and  to  grow  in 
power.  Some  important  inscriptions  found  by  Mr.  Griflilh  in  the  tombs 
of  the  feudal  princes  of  SQt  cast  a  fiash  of  useful  light  upon  this  obscure 
period.  These  princes,  loyal  to  the  kings  of  the  Ilerakleopolitan  dynasty, 
fought  on  their  side  in  their  wars  against  the  Theban  princes,  whose  in- 
creasing pretensions  threatened  the  power  of  their  liege  lords.  These 
facts  are  now  all-important  in  restricting  the  limits  in  which  must  be 
placed  the  episode  of  the  foreign  intrusion  just  brought  to  light  by  Mr. 
Petrie's  genius.  It  seems  obvious  that  such  an  intrusion  could  not  have 
taken  place  had  the  Theban  princes  been  as  powerful  as  they  appear  to 
have  been  under  the  IXth  and  Xth  dynasties. 

That  the  foreigners  entered  Upper  Egypt  after  the  great  period  of  the 
pyramid  builders  is  shown  by  the  fact  that  the  Mastaba-tombs  referred  to 
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above  were  usurped  by  them  to  bury  their  own  dead.  Moreover,  in  the 
step-passage  of  a  Mastaba,  a  burial  of  the  Xllth  dynasty  was  found  super- 
imposed upon  the  remains  of  the  strangers.  Here  were  therefore  three 
well-defined  epoch-marking  layers,  and  the  fact  that  brick  tombs  of 
the  Xllth  dynasty  were  constructed  over  the  ruins  of  a  town  occupied  by 
these  people,  conclusively  proves  that  their  presence  in  Egypt  preceded 
the  Middle  empire. 

Four  necropoles  and  two  mud-brick  towns  extending  over  an  area  of 
five  miles  yielded  the  same  result  as  to  strata  and  relative  occupancy.  It 
is  therefore  reasonable  to  see  in  this  intrusion  of  a  strange  race,  spreading 
over  so  considerable  a  portion  of  the  Egyptian  territory,  which  it  held  for 
so  long  a  period  of  time  exactly  coinciding  with  the  monumental  break 
in  Egyptian  history,  if  not  the  explanation  of  at  least  an  important  fact 
connected  with  that  break ;  and  to  venture  upon  the  assertion  that  a 
migratory  movement  of  some  magnitude  took  place  about  3400  B.C.,  of 
which  the  people  whose  remains  have  just  come  to  light  formed  a  portion, 
and  by  which  the  first  united  Egyptian  empire  was  weakened  and  brought 
to  an  end. 

Mr.  Petrie,  assisted  by  Mr.  Duncan,  pursued  his  investigations  at 
Nagada,  whilst  Mr.  Quibell,  working  for  the  '^  Egyptian  Research  Ac- 
count," explored  the  burials  near  Ballas,  both  exploring  parties  continuing 
their  researches  until  over  2000  burials  were  opened  and  their  contents 
examined  and  secured.  These  made  it  evident  that  the  invaders  had  long 
retained  their  peculiar  customs  and  beliefs  :  Instead  of  cutting  their 
tombs  in  the  solid  rock  as  did  the  Egyptians,  they  dug  their  graves  in 
shoals  of  gravel  in  the  dry  water  courses  of  the  desert  edge  ;  these  graves 
are  open  square  pits  of  the  type  of  those  found  at  Mycenie  ;  tliey  were 
roofed  over  with  wood,  and  their  average  dimensions  are  about  0x4  and 
5  feet  in  depth.  Their  size  varies,  however,  ft-om  half  to  double  those 
here  mentioned.  Unlike  the  Egyptians  who  mummified  their  dead  and 
laid  them  stiffly  stretched  out  upon  their  backs,  the  body,  reduced  to  a 
skeleton,  here  lay  in  a  contracted  position  turned  upon  its  lefl  side,  facing 
the  west,  with  the  head  to  the  south.  Every  body,  or  ninety-nine  out  of 
a  hundred,  was  found  with  the  head  taken  off  or  removed.  Short,  oblong 
coffins  of  coarse  pottery,  with  a  lid  and  resembling  a  chest,  were  used.  The 
bodies  showed  evidence  of  having  been  mutilated  before  burial.  In  one 
fine  tomb,  the  bones  were  heaped  in  the  centre,  whilst  other  bones,  the 
ends  of  which  had  been  broken  off  and  scooped  out  as  though  for  marrow, 
were  placed  around  them.  This  led  Mr.  Petrie  to  suggest  that  they  must 
have  been  ceremonial  cannibals.  In  other  graves  the  bones  were  sepa- 
rated and  sorted  out. 

Large  bowls  of  coarse  pottery,  such  as  those  exhibited  with  the  coffin, 
contained  ashes,  probably  of  the  funeral  feast,  and  Mr.  Petrie  aptly 
quotes  with  reference  to  this  custom  2  Chron.  xvi.  14,  xxi.  19,  and  Jere- 
miah zxxiv.  5,  referring  to  a  great  burning  made  at  every  funeral — a  cus- 
tom probably  Amorite.    These  were  placed  at  the  foot,  and  other  jars. 
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such  as  may  here  be  seen,  and  which  originally  contained  liquids — beer, 
water,  etc. — were  placed  along  the  sides.  As  many  as  eighty  vases  have 
been  found  in  one  grave,  and  few  interments  were  provided  with  less 
than  ten  or  a  dozen.  Amoug  these  were  sometimes  found  a  vase  of  black 
incised  ware,  evidently  imported. 

Jars  of  pottery  with  wavy  handles,  containing  scented  fat  or  its  Nile- 
mud  substitute,  were  placed  along  the  head  end,  with  a  rough  pointed 
brown  jar  in  the  middle.  This  type  of  pottery,  which  was  very  common 
and  which  gave  rise  to  varieties  of  forms  and  uses  during  the  sojourn  of 
these  people  in  the  Nile  valley,  must  be  regarded  as  part  of  their  indus- 
trial equipment,  and  is  so  specialized  as  to  have  led  Mr.  Petrie  to  suggest 
that  these  men  were  related  to  the  Amorites  of  Palestine,  who  used 
similar  pottery  and  who,  he  thought,  might  be  another  branch  of  the 
stock  to  which  these  invaders  of  Egypt  belonged. 

In  bringing  these  objects  to  your  notice,  I  am  laboring  under  serious 
disadvantages  and  I  must  claim  your  indulgence  should  it  so  happen  that 
I  cannot  make  all  points  of  detail  clear  to  you.  Although  the  collection 
reached  here  early  in  the  winter,  lack  of  proper  space  to  work  it  up  and 
to  display  it  with  safety,  prevented  my  unpacking  it  until  now,  and  I  have 
not  had  a  chance  to  study  each  specimen  as  it  should  be  studied.  This  is 
all  the  more  to  be  regretted  as  the  material  is  quite  new,  and  as,  for  the 
first  time  in  the  course  of  our  much  more  than  satisfactory  relations,  Mr. 
Flinders-Petrie,  owing  to  pressure  of  business,  was  unable  personally  to 
superintend  the  packing,  so  that  I  have  had  very  little  to  guide  me  in  my 
identifications  save  my  own  limited  experience  and  the  general  indications 
furnished  in  Mr.  Petrie's  letters.  The  types  peculiar  to  these  strangers 
are,  however,  as  a  rule  readily  recognized. 

Tlie  main  difficulty  has  been  with  the  alabaster  and  stone  vessels,  of 
which  we  have  a  great  quantity.  These  are  principally  derived  from  the 
Mastaba  tombs  of  the  old  empire,  and  in  sorting  them  there  lies  therefore 
some  danger  of  confusion,  especially  where,  as  in  the  later  layers  of  the  in- 
vaders, a  certain  overlapping  took  place.  I  have,  liowever,  only  brought 
here  those  specimens  of  Libyan  stone  work  as  to  the  origin  of  which  I  can 
entertain  no  doubt :  Elongated  vases  of  various  dimensions  with  useless 
ledge  like  feet  too  small  for  use,  intended  to  be  suspended  by  means  of 
long  tubular  handles,  a  frog  of  breccia,  and  various  other  types  which 
have  no  Egyptian  equivalents.  These  stone  vessels  are  hand-worlied  and 
show  no  trace  of  the  turning-lathe.  The  material  which  I  have  not  been 
able  to  determine  with  certainty  must  remain  until  Mr.  Petrie's  full  illus- 
trated report  is  published,  when  each  group  of  objects  in  our  collection 
will,  no  doubt,  find  its  proper  place. 

Most  of  the  flint  implements  now  before  you  are  from  the  invaders — 
these  are  oval  in  shape  and  eiiually  worked  on  both  sides.  There  are, 
however,  a  few  dark  weatliered  flints  found  upon  the  top  of  the  limestone 
plateau,  some  1400  feet  above  tlie  Nile — all  of  which  show  signs  of  a 
longer  exposure  than  that  to  which  were  subjected  those  flints  to  which 
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we  know  can  be  assigned  more  than  5000  years  of  existence  under  similar 
conditions.  These  are  regarded  by  their  discoverer  as  Palaeolithic  ;  among 
them  are  two  whitened  flints  of  the  pointed  type,  thickly  patinated,  also 
regarded  by  Mr.  Petrie  as  Palaeolithic. 

The  stone  work  of  these  people  was,  as  may  be  seen,  of  the  very  highest 
order.  We  have  here  some  flint  banglea,  one  of  which  is  perfectly  cut  to 
less  than  the  eighth  of  an  inch  in  diameter.  Some  of  the  finest  blades 
excel  not  only  anything  done  in  that  line  by  the  Egyptians,  but  are  unsur- 
passed by  any  ancient  neolithic  workmen.  The  exquisite  regularity  of 
the  surface  flaking  and  the  fine  serrated  edge  of  some  of  their  tools  is 
startling  in  its  perfection.  Some  forked  stone  lances  used  in  hunting 
the  gazelle  are  both  curious  and  beautifully  executea,  and  their  numbers 
show  their  owners  to  have  been  great  huntsmen. 

It  is  more  than  probable  that  some  fine  specimens  of  similar  workman- 
ship found  in  Egypt  from  time  to  time  and  which  have  been  brought  into 
various  museums  were,  in  reality,  relics  of  these  people.  Mr.  Petrie  has 
already  called  attention  to  a  fine  blade  belonging  to  Qeneral  Pitt-Rivers' 
collection  and  which  is  set  in  a  handle  of  undoubted  Egyptian  manufac- 
ture.   This  is  certainly  the  adaptation  of  an  older  blade. 

These  interlopers  also  used  copper  tools.  Other  metals  such  as  gold, 
silver  and  lead  were  apparently  known  to  them,  although  valued  as  rare 
products. 

In  their  pottery  they  seem  to  have  often  aimed  at  reproducing  the  stone 
forms  common  among  them,  and  even  at  imitating  the  very  substance, 
such  for  instance  as  the  limestone  breccia,  which  they  copied  in  splashed 
pottery,  of  which  we  have  here  a  beautiful  specimen. 

The  red  polished  and  the  black  and  red  polished  wares  are  the  most 
common  manufactures.  Animal  forms  and  curious  devices  were  produced. 
The  black  and  red  is  very  distinctive.  This  is  of  the  same  material  as  the 
plain  red,  but  is  harder  and  is  given  a  higher  polish.  The  forms  also 
differ,  and  are  generally  remarliable  for  the  elegnnce  of  their  proportions. 
According  to  Mr.  Petrie,  the  black  color  is  due  to  the  *'  deoxidizing  action 
of  the  wood  ashes  in  the  kiln,  reducing  the  red  peroxide  to  a  black  mag- 
netic oxide  of  ii:on.  The  brilliant  lustre  of  the  black  is  probably  due  to 
the  solvent  action  of  carbonyl,  due  to  imperfect  combustion,  which  enables 
the  magnetic  oxide  to  rearrange  in  a  continuous  surface." 

The  effect  of  this  process  seems  identical  with  that  observed  on  certain 
vessels  found  by  Dr.  Richter  in  the  lowest  stratum  of  the  copper-bronze 
age  in  Cyprus  and  approximately  placed  by  him  sometime  between  4000 
and  8000  B.C.  In  the  collection  which  we  purchased  from  him  some 
years  ago  and  which  contains  a  part  of  the  results  of  his  own  excavations  in 
Cyprus,  there*  is  a  round  bowl  to  which  thy  above  date  is  assigned,  and 
which  is  identical  in  coloring,  polish  and  general  effect  to  this  black  and 
red  ware;  the  form,  however,  is  different  from  that  of  any  vessel  in  this 
collection,  and  a  small  perforated  handle  for  suspension  on  one  side 
would  in  itself  draw  attention  to  a  difference  in  the  manufacture.     It 
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would  seem  from  this,  however,  that  the  deoxidizing  process  as  systemati- 
cally applied  to  red  pottery  for  purposes  of  decoration  was  a  widespread 
fashion  at  that  remote  period. 

Some  of  the  pottery  of  these  strangers  was  decorated  with  crude  figures 
of  ostriches,  antelopes,  etc.,  often  represented  in  long  lines,  in  brown  on 
buff  and  in  red  upon  a  lighter  red.  A  very  common  decorative  motive  is 
a  long  boat  with  two  cabins,  an  ensign  pole  aud  mauy  oars;  sometimes  the 
figure  of  a  man  is  added.  The  red  polished  ware,  decorated  in  while 
lines,  "dents  de  loup,"  plants  and  fiowers,  etc.,  is  imported  from  the 
Mediterranean  region.  It  is  stated  by  Mr.  Peine  to  occur  only  in  a 
limited  range  of  the  territory  occupied  by  the  foreigners,  and  it  gave  rise 
to  no  varieties  of  type.  The  shapes  of  these  vases  are  also  peculiar,  espe- 
cially the  specimens  in  which  two  or  three  tall,  straight  stems  or  necks 
arise  from  one  base. 

The  black  incised  bowls,  with  white  decoration,  in  lines  and  "dents  de 
loup,'*  are  also  imported.  No  such  pottery  is  kuown  of  Egyptian  make, 
although  in  later  times,  during  the  Middle  empire,  a  style  of  pottery  sim- 
ilar, though  much  finer,  appears.  A  near  approach  to  it  is  found  in  the 
later  Neolithic  stations  of  Italy,  Spain  and  in  the  lower  strata  of  Hissarlik. 

In  a  paper  read  before  the  Anthropological  Section  of  the  British  Asso- 
ciation— a  notice  of  which  was  published  in  the  Academy  (September  28, 
1895)  and  in  L* Anthropologie  (October-December,  1895,  p.  590) — mention 
is  made  of  a  Neolithic  station  near  Butmir,  in  Bosnia,  recently  studied 
and  described  by  Mr.  Radminsky,  where  pottery  was  found  offering  a 
great  variety  of  decoration,  among  which,  by  the  way,  appears  a  spiral 
ornament.  Figurines  showing  some  artistic  aspirations  were  also  recov- 
ered. In  the  discussion  that  followed  Mr.  John  Evans  expressed  the 
opinion  that  this  station  probably  belonged  to  the  transition  period  from 
the  Neolithic  to  the  bronze  age.  Certain  holes  cut  in  the  clay  reminded 
Mr.  Petrie,  who  was  present,  of  the  sand  pits  dug  in  Egypt.  He  said  that 
the  pieces  of  black  pottery  exhibited  by  Mr.  Radminsky  were  absolutely 
identical  with  pieces  found  by  himself  in  Egypt  and  by  others  at  Hissarlik 
and  in  Spain,  and  that  he,  therefore,  would  date  such  a  settlement,  by 
this  black  pottery,  from  3300  to  3000  B.C.,  when  it  was  generally  manu- 
factured (Anthrop.,  October-December,  1895,  p.  560). 

Among  the  small  objects  in  our  collection  are  a  number  of  bone  combs 
and  tools,  one  of  which,  a  puncher,  has  just  been  identified  by  Prof.  Cope 
as  the  metatarsal  of  a  gazelle.  We  bave  also  a  series  of  slate  pallets  upon 
which  Malachite,  etc.,  was  ground  probably  for  tattooing  purposes.  These 
are  in  the  shape  of  the  turtle  and  fish,  besides  more  simple  forms,  such  as 
squares  and  rhombs  ;  but  a  larger  variety  of  animal  forms  has  been  found, 
and  Mr.  Petrie  mentions  the  ibex,  elephant  and  birds  among  those  in  his 
collection. 

It  is  worthy  of  notice  that  the  taste  for  symmetry,  which  prompted  the 
introduction  of  the  double-headed  bird  design  among  so  many  ancient  and 
modern  peoples,  was  already  developed  among  these  men,  as  may  be 
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seen  bj  the  handle  of  a  bone  implement.    Here,  however,  the  double- 
headed  bird  is  no  eagle  but  an  ostrich. 

Where  was  the  centre  of  this  culture — whence  did  these  men  come  into 
the  Nile  valley?  This  must  now  be  the  problem  which  archseologisls 
have  to  solve.    It  is  the  last  riddle  propounded  by  the  Egyptian  Sphinx. 

They  were  a  tall,  robust  race,  with  strongly  marked  features  and  a 
hooked  nose.  They  wore  a  long  pointed  beard  and  had  brown  wavy 
hair,  as  shown  by  their  representations  of  the  human  figure.  Altogether 
they  closely  approached  the  type  of  the  Libyans  and  the  Amorites,  and 
probably  belonged  to  the  same  stock.  Mr.  Flinders-Petrie  calls  them 
Libyans,  and  Messrs.  Evans  and  Boyd  Dawkins  corroborate  this  opinion. 
By  Libyan  here  is  meant  a  people  inhabiting  some  as  yet  undetermined 
region  of  northern  Africa,  and  representing  a  branch  of  the  Neolithic  cul- 
ture of  southern  Europe,  although  these  particular  Libyans  were  Just 
emerging  from  the  Neolithic  stage  when  they  invaded  Egypt. 

The  connections  which  can,  through  them,  be  traced  with  the  con- 
temporary Mediterranean  civilization  are  of  immense  value.  Not  only  do 
their  importations  from  the  Mediterranean  region  give  us  interesting 
glimpses  of  the  active  intercourse  of  nations  inter  se  in  those  early  days 
and  reveal  it  to  us  as  much  the  same  in  character  and  degree  as  it  appears 
in  subsequent  ages,  but  they  furnish  us  with  the  means  of  approximately 
dating  certain  typical  Mediterranean  products.  As  we  find  these  asso- 
ciated in  the  Mediterranean  region  with  the  transition  period  of  the  Neo- 
lithic  culture,  it  seems  that  we  are  more  or  less  safe  in  regarding  8500  as 
the  likely  period  of  the  introduction  of  metals  into  the  western  Mediter- 
ranean region. 

Not  only  has  Mr.  Petrie's  splendid  discovery  filled  up  what  has  long 
seemed  a  hopeless  blank  in  Egyptian  history,  but  it  has  furnished  science 
with  a  solid  foundation  upon  which  the  prehistoric  period  of  Europe  may 
stand  whilst  like  a  coral  reef  it  builds  its  way  up  in  an  effort  to  reach  the 
surface  of  history. 

Before  closing  my  remarks,  I  beg  to  take  advantage  of  this  opportunity 
to  acknowledge  Mr.  Flinders-Petrie*s  disinterested  kindness  and  liberality 
in  helping  us  to  develop  in  this  city  a  museum  which  must  prove  an  edu- 
cational instrument  of  the  highest  value  to  our  people.  At  a  lime  when 
we  are  indebted  to  him  for  this  priceless  collection,  it  is  but  proper  I 
think  to  publicly  recognize  the  constant  interest  which  Mr.  Petrie  has 
ahown  in  our  effort. 


Dr.  D.  G.  Bbinton  said  : 

The  chipped  flints  which  have  been  exhibited  appear  to  be  of  widely 
different  ages,  those  from  the  tombs  showing  scarcely  any  patina,  while 
the  two  from  the  surface  of  the  plateau  are  covered  with  a  thick,  white, 
weather-wearing.    Of  course,  allowance  must  be  made  for  the  constant 
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exposure  of  the  latter  and  the  protected  condition  of  the  former.  Bat 
this  is  not  sufficient  to  account  for  the  marked  differences.  MoreoTer, 
the  shape  of  the  plateau  implements  is  distinctly  "palceolithic."  They 
are  not  intended  to  be  hafled,  but  to  be  held  in  the  hand  when  in  use. 
What  is  further  notewortliy  about  them  is  that  obviously  both  are  adapted 
to  be  held  in  the  left  hand  only.  So  far  as  they  go,  they  support  the 
theory  advanced  by  some  writers  that  primitive  man  was  less  right- 
handed  than  later  generations. 

The  pottery  and  stone  articles  from  the  tombs  of  the  so-called  "  new 
race  "  near  Abydos  arc  good  examples  of  their  arts.  I  speak  of  this  with 
some  knowledge,  as  early  last  August  I  examined  with  much  care  Prof. 
Flinders-Petrie's  immense  collection  in  London,  and  had  the  advantage 
of  his  personal  explanations.  The  article  that  I  published  in  reference  to 
it,  in  Science  (August,  1895),  was  I  believe  the  first  original  report  on  the 
subject  in  any  American  periodical.  That  the  *'  new  race  "  was  supposed 
by  Prof.  Petrie  to  be  Libyan,  that  is,  Berber,  attracted  me,  as  the  ethnog- 
raphy of  that  stock  has  been  a  special  study  with  me. 

This  identification,  I  believe,  will  finally  be  established.  If  we  examine 
the  configuration  of  the  Nile  valley  and  its  surroundings,  no  other  theory 
is  tenable,  providing  the  Libyan  stock  extended  that  far  south  of  the 
Mediterranean  at  a  date  3000  B.C.  We  know  they  did.  and  much  earlier, 
from  their  very  early  presence  in  east  Africa.  The  invading  '*  new  race" 
could  not  have  come  from  the  east.  The  natural  highways  from  the  Red 
Sea  to  that  portion  of  the  Nile  valley  centre  at  Koptos,  and  there  few  or 
no  specimens  of  this  p»^culiar  art  have  been  exhumed.  They  must  neces- 
sarily  have  entered  from  the  west,  and  a  study  of  the  ancient  and  modern 
caravan  routes  leads  inevitably  to  the  conclusion  that  their  last  previous 
station  must  have  been  the  so-called  "Oasis  magna  "  of  the  Libyan 
desert.  This  consists  of  a  series  of  arable  depressions  in  the  calcareous 
Libyan  plateau,  which  here  rises  to  an  avenige  height  of  about  1200  feet. 
The  central  portion  of  the  Oasis  is  about  180  miles  westerly  from  Abydos, 
and  to  it  a  number  of  cjiravan  routes  converge  from  the  north,  south  and 
west.  So  far  as  history,  archteology  and  linguistics  teach  us,  this  group  ot 
cases,  as  well  as  the  "Oasis  parva,"  opposite  the  Fayoum,  and  that  of  Jupiter 
Amnion,  still  farther  north,  have  always  been  i)eopled  by  the  Libyans. 
This  slock  has  not  been  shown  to  be  connected  in  culture  with  the  Neo- 
lithic peoples  of  western  Europe,  and  no  positive  traces  of  the  Beiber 
language  remain  there,  though  it  is  probable  that  the  word  "Iberian" 
(from  Iberus)  indicates  their  presence  in  the  peninsula  of  that  name.  The 
conclusion  which  I  urge,  therefore,  is,  that  the  correlatives  of  the  art  of 
the  "new  race"  will  be  found  in  the  "Oasis  magna."  That  some  of 
the  tombs  contain  Egyptian  and  even  ^ledilerranean  relics  is  readily  ex- 
plained by  the  commerce  which  it  is  evident  from  the  figures  of  their 
boats  they  soon  established  on  the  Nile. 
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Stated  Meeting,  March  20,  1896. 

Vice-President,  Dr.  Pepper,  in  the  Chair. 

Present,  22  members. 

Correspondence  was  submitted  as  follows : 

Letter  of  envoy  from  Mr.  Robert  N.  Topp^n,  Cambridge, 
Mass. 

Letters  of  acknowledgment  from  the  Royal  Society  ot  New 
South  Wales,  Sydney  (143-146);  K.  B.  Astron.-meteorolo- 
gische  Observatorium,  Triest,  Austria  (142-147) ;  Prof.  Dr. 
F.  Miiller,  Vienna,  Austria  (147) ;  Oberhessische  Gesellschaft 
fiirNatur-  und  Heilkunde,  Giessen,  Germany  (147);  K.  Sachs. 
Gesellschaft  d.  Wissenschaften,  Leipzig  (143,  146,  147) ;  Mar- 
quis Antonio  De  Gregorio,  Palermo,  Italy  (147) ;  Prof.  E.  D. 
Cope  (147,  148),  Mr.  F.  Prime,  Philadelphia  (147);  Prof. 
John  F.  Caril,  Pleasantville,  Pa.  (148) ;  Lieut.  A.  B.  Wyck- 
off,  X.  Yakima,  Washington  (148). 

.  Letters  of  acknowledgment  (149 )  frx>m  the  Laval  University, 
Quebec,  Canada ;  Canadian  Institute,  Toronto,  Canada ; 
Bowdoin  College  Library,  Brunswick,  Me.;  N.  11.  Historical 
Society,  Concord  ;  Vermont  Historical  Society,  Montpelier ; 
Amherst  College  Librarj^  Mass.:  Mass.  Historical  Society, 
Boston  Athenxeum,  Boston  Societv  of  Natural  Histon\  Dr. 
Samuel  A.  Green,  Boston,  Mass.;  Museum  of  Comparative 
Zoology,  Harvard  College,  Profs.  W.  W.  Goodwin,  F.  W. 
Putnam,  Mr.  Robert  X.  Toppan,  Cambridge,  Mass.:  Essex 
Institute,  Salem,  Mass.:  Amer.  Antiquarian  Society,  Worces- 
ter, Mass.:  Agricultural  Experiment  Station,  Kingston,  R.  I.; 
Pro\4dence  Franklin  Societv,  Brown  L^niversitv  Librarv, 
Providence,  R.  I.:  Mr.  George  F.  Dunning,  Farmington, 
Conn.:  Conn.  Historical  Societv,  Hartford:  Buffalo  Li bran% 
Societv  of  Natural  Sciences.  Buffalo,  X.  Y.:  Prof.  Edward 
North,  Clinton,  N.  Y.:  Profs.  T.  F.  Crane.  J.  M.  Hart, 
Ithaca,  N.  Y.:  Astor  librarv,  N.  Y.  Academv  of  Medicine, 
Columbia  College,  Historical  S<x;iety,  Amer.  Museum  of  Na- 
tural History,  N.  Y.  Hospital,  Prof.  Joel  Asaph  Allen,  Hon. 
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Charles  P.  Daly,  Mr.  J.  Douglas,  Dr.  Daniel  Draper,  New 
York,  N.  Y.;  Prof.  Robert  W.  Rogers,  Madison,  N.  J.; 
Profs.  W.  Henry  Ghreen,  Charles  W.  Shields,  Princeton,  N.  J.; 
Dr.  Robert  H.  Alison,  Ardmore,  Pa.;  Prof.  Thomas  C.  Por- 
ter, Easton,  Pa.;  Mr.  John  Fulton,  Johnstown,  Pa.;  Linnjean 
Society,  Lancaster,  Pa.;  Dr.  James  W.  Robins,  Merion,  Pa.; 
Historical  Society,  Academy  of  Natural  Sciences,  Engineers' 
Club,  Franklin  Institute,  Library  Co.  of  Philadelphia,  Penn- 
sylvania Hospital,  Wagner  Free  Institute,  Numismatic  and 
Antiquarian  Society,  Profs.  John  Ashhurst,  E.  D.  Cope,  F. 
A.  Genth,  Henry  D.  Gregory-,  Lewis  M.  Haupt,  James  Mac- 
Alister,  Benjamin  Sharp,  Drs.  W.  G.  A.  Bon  will,  John  H. 
Brinton,  Edward  A.  Foggo,  Persifor  Frazer,  George  H.  Horn, 
Frank  W.  Lewis,  Morris  Longstreth,  John  Marshall,  George 
R.  Morehouse,  Charles  A.  Oliver,  William  Pepper,  Charles 
Schaffer,  Charles  Stewart  Wurts,  Messrs.  R.  Meade  Bache, 
Henry  C.  Baird,  Cadwalader  Biddle,  George  Tucker  Bispham, 
Joel  Cook,  Jacob  B.  Eckfeldt,  Charles  C.  Harrison,  William 
A.  Ingham,  Benjamin  Smith  Lyman,  Franklin  Piatt,  J.  Ser- 
geant Price,  Theodore  D.  Rand,  J.  G.  Roseugarten,  Julius  F. 
Sachse,  Coleman  Sellers,  F.  1).  Stone,  W.  P.  Tatham,  Joseph 
Willcox,  Philadelphia  ;  Mr.  lleber  S.  Thompson,  Pottsville, 
Pa.:  Rev.  F.  A.  Muhlenberg,  Reading,  Pa.;  Dr.  W.  H.  Ap- 
pleton,  Swarthmore,  Pa.:  Mr.  Thomas  S.  Blair,  Tyrone,  Pa.; 
Philosophical  Society,  Mr.  l^hilii)  V.  Sharpies,  West  Chester, 
Pa.;  Agricultural  Experiment  Station,  Newark,  Del.;  Mary- 
land Institute  for  the  IVoniotion  of  the  Mechanic  Arts,  Enoch 
Pratt  Free  Librarv,  Vto{.  Ira  Remsen,  Baltimore,  Md.:  L^ni- 
versity  of  Virginia,  Charlottesville  :  West  Virginia  Tniver- 
sity,  Murgantown ;  Georjiia  Historical  Society,  Savannah; 
Athemeuni,  Column bia,  Tenn.:  Newberry  Library,  Chicago, 
111. 

Accessions  to  the  Library  were  reported  from  the  Comity 
de  Conserviition  des  Monuments  de  1' Art  Arabe,  Cairo,  Egypt ; 
Koloniaal  Museum,  Haarlem,  lloUand  :  Bataafsch  Genoot- 
schap  der  Proelondervindelijke  Wijsbegeerte,  Rotterdam, 
Holland  :    Magyar  Tudoniiinyos   Akadeniia,  Budapest,  Hun- 
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garj  ;  Wiirttembergisclie  Kommission  fiir  Landesgeschichte, 
Stuttgart ;  II  Nuovo  Cimento^  Pisa,  Italy ;  Biblioth^que  de 
la  Faculty  des  Sciences,  Marseilles,  France  ;  Prof.  Gabriel  de 
Mortillet,  St.  Germain-en-Laye,  France  ;  Mr.  Charles  Sedel- 
meyer,  Paris,  France;  R.  Academia  de  Ciencias  y  Artes, 
Barcelona,  Spain ;  ^ R.  Academia  de  Ciencias,  etc.,  Madrid, 
Spain ;  R.  Meteorological  Society,  London,  England ;  Mr. 
Robert  Noxon  Toppan,  Cambridge,  Mass.;  General  Alumni 
Society  of  University  of  Pennsylvania,  College  of  Physi- 
cians, Profs.  E.  D.  Cope,  Theophilus  Parvin,  Philadelphia  ; 
Bureau  of  Education,  Washington,  D.  C;  Western  Society 
of  Engineers,  American  Humane  Association,  Prof.  Ed- 
mund J.  James,  Chicago,  111.;  Bishop  Crescendo  Carrillo, 
Merida,  Yucatan ;  Instituto  Mddico  Nacional,  Mexico,  Mex.; 
Agricultural  Experiment  Stations,  Lake  City,  Fla.,  Fay- 
ettesville.  Ark.,  Manhattan,  Kans.,  Corvallis,  Oreg.,  St.  An- 
thonv  Park,  Minn. 

Mr.  J.  G.  Rosengarten  read  an  obituarv  notice  of  Rev.  W. 
H.  Furness,  D.D. 

Mrs.  Stevenson  read  a  pa{)er  on  the  recent  discovery  in 
Egypt  of  non-Egyptian  remains.  Numerous  specimens  were 
exhibited,  principally  pottery,  showing  various  shapes  of  de- 
velopment. These  belonged  to  a  race  which  had  invaded 
Egypt  3500  or  2800  B.C.,  bringing  its  customs  without 
adopting  much  from  the  country  ()ccuj)ied  by  it. 

Dr.  Frazer  moved  the  thanks  of  the  Societv  to  Mrs.  Ste- 
venson  for  her  address.     Adopted. 

Dr.  Brinton  objected  to  the  identification  of  the  Libyans 
with  the  neolithic  tribes.  In  his  view  they  were  near  relatives 
of  the  tribes  now  known  as  Berbers.  In  his  opinion  the  in- 
vaders descended  on  Abydos  from  the  Oasis  Magna. 

Pending  nomination  1340  and  new  nomination  1347  were 
read. 

Dr.  Greene  offered  a  resolution  of  inquiry,  why  certain 
omissions  were  made  in  the  records  of  tlic  proceedings. 

The  Secretaries  ex])lained  that  the  coiiiniunication  was  in- 
formal and  without  motion  and  seemed  to  liave  no  ])hice  in 
the  minutes. 
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On  the  resolution  being  put  to  vote,  the  yeas  and  nays  being 
called,  it  was  lost  by  12  nays  to  5  ayes. 
Dr.  Brinton  offered  the  following  : 

JReiolved,  That  papers  by  non-members  be  read  by  title  only,  except 
when  the  author  Is  present,  or  by  unanimous  consent  of  the  Society. 

The  resolution  was  referred  by  consent  of  mover  to  Council. 
The  rough  minutes  were  read,  and  the  Society  adjourned. 


April  3  being  Good  Friday  and  a  legal  holiday,  the 
meeting  was  postponed,  by  direction  of  the  President,  until 
April  10. 

Stated  Meeting,  April  10,  1896. 

Vice-President,  Dr.  Peppkr,  in  the  Chair. 
Present,  18  members. 

Correspondence  was  submitted  as  follows : 

Acknowledgments  of  election  to  membership  from  M.  G. 
Bertin,  Paris,  France,  March  15, 1896 ;  Mr.  Henry  A.  Pilsbry, 
Philadelphia,  March  30,  1896. 

Circular  letter  from  the  Principal  and  Vice-Chanoellor  of 
the  University  of  Glasgow  and  the  Lord  Provost  of  Glasgow, 
on  behalf  of  the  Committee  of  Arrangements  of  Jubilee  of 
the  Eight  Hon.  Prof.  Lord  Kelvin,  on  the  completion  of  the 
fiftieth  year  of  his  tenure  of  the  Chair  of  Natural  Philosophy 
in  the  University  of  Glasgow,  requesting  the  Society  to 
appoint  a  representative  to  take  part  in  the  celebration,  June 
15  and  16,  1896. 

An  invitation,  on  parchment,  from  the  University  of  Prince- 
ton, N.  J.,  to  attend  its  one  hundred  and  fiftieth  anniversary. 

On  motion,  these  letters  were  referred  to  the  President,  with 
power  to  appoint  representatives. 

Letters  of  envoy  from  the  K.  K.  Astronomisch-Meteoro- 
logische  Observatorium,  Triest,  Austria;  K.  Leopoldinisch- 
Carolinische  Deutsche  Akademie  der  Naturforscher,  Halle 
a.  S.,  Prussia;   E.  Accademia  di   Scienze,   Lettere  ed   Arti, 
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Modena,  Italy ;  Ministero  di  Pubblica  Istruzione,  Rome,  Italy ; 
Mr.  James  Douglas,  New  York,  N.  Y.;  Field  Columbian  Mu- 
seum, Chicago,  111. ;  Museo  de  la  Plata,  Provincia  de  Buenos 
Aires,  S.  A. 

Letters  of  acknowledgment  from  the  Vogtlandisohe  Alter- 
tumsforschende  Verein,  Hohenleuben,  Saxony  (143,  146, 147); 
I.  R.  Accademia  degli  Agiati,  Rovereto,  Austria  (142-147) ; 
K.  Leopoldinisch-Carolinische  Deutsche  Akademie  der  Natur- 
forscher,  Halle  a.  S.,  Prussia  (146,  147,  and  TVarw.,  xviii,  2) ; 
Academy  of  Science,  Rochester,  N.  Y.  (148);  Prof.  Charles 
A.  Young,  Princeton,  N.  J.  (148) ;  Mr.  L.  A.  Scott,  Philadel- 
phia (148). 

Letters  of  acknowledgment  (149)  from  the  Geological  Sur- 
vey,  Ottawa,   Canada;   Manitoba   Historical   and    Scientific 
Society,  Winnipeg ;   Public  Library,  State  Library,  Boston, 
Mass. ;    Prof.  C.  H.  Hitchcock,  Hanover,  N.  H. ;  Prof.  James 
Hall,  Albany,  N.  Y. ;   Editor   of  Popular  Science  Monthly^ 
Profs.  C.  F.  Chandler,  Isaac  H.  Hall,  J.  J.  Stevenson,  New 
York,  N.  Y. ;  Vassar  Brothers'  Institute,  Poughkeepsie,  N.  Y. ; 
Academy  of  Science,  Geological  Society  of  America,  Roch- 
ester, N.  Y. ;   Oneida  Historical  Society,  Utica,  N.  Y. ;    New 
Jersey  Historical  Society,  Newark ;  Prof.  Charles  A.  Young, 
Princeton,  N.  J. ;   Prof.  Martin  H.  Boyfe,  Coopersburg,  Pa. ; 
American  Academy  of  Medicine,  Prof.  J.  W.  Moore,  Easton, 
Pa. ;  State  Library  of  Pennsylvania,  Harrisburg ;  Hon.  James 
T.  Mitchell,  Rev.  H.  Clay  Trumbull,  Drs.  C.  N.  Peirce,  Wm, 
H.  Wahl,  Messrs.  Samuel  Dickson,  Patterson  Du  Bois,  Philip 
C.  Garrett,  L.  A.  Scott,  Frank  Thomson,  C.  Tower,  Jr.,  Phila- 
delphia ;  Lackawanna  Institute  of  History  and  Science,  Scran- 
ton,  Pa.;    Weather  Bureau,  U.  S.  Naval  Observatory,  U.  S. 
Geological  Survey,  U.  S.  Patent  Office,  Coast  and  Geodetic 
Survey,  War  Department,  Dr.  W.  J.  Hoffman,  Prof.  Chas.  A. 
Schott,  Washington,  D.  C. ;  Mr.  T.  L.  Patterson,  Cumberland, 
Md. ;  Mr.  Jedediah  Hotchkiss,  Staunton,  Va. ;  Elisha  Mitchell 
Scientific  Society,  Chapel  Hill,  N.  C. ;  South  Carolina  College, 
Columbia ;  University  of  Alabama,  University  P.  0. ;  Univer- 
sity of  California,  Prof.  Joseph  Le  Conte,  Berkeley,  Cal. ;  Lick 
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Observatory,  Mt.  Hamilton,  Cal. ;  Historical  Society,  State 
Mining  Bureau,  San  Francisco,  Cal. ;  Prof.  J.  C.  Branner,  Stan- 
ford University,  Cal. ;  Geological  Survey  of  Missouri,  Jefferson 
City ;  Oberlin  College,  Oberlin,  O. ;  Cincinnati  Observatory, 
Cincinnati,  O. ;  Prof.  J.  L.  Campbell,  Crawfordsville,  Ind.  ; 
Prof.  G.  W.  Hough,  Evanston,  111.;  University  Library, 
Champaign,  111. ;  Dr.  M.  D.  Ewell,  Chicago,  111. ;  Academy  of 
Natural  Sciences,  Davenport,  la. ;  State  Historical  Society  of 
Iowa,  Iowa  City ;  University  of  Wisconsin,  State  Historical 
Society,  Madison,  Wis. ;  Kansas  University  Quarterly^  Law- 
rence ;  Academy  of  Science,  Washburn  College  Library,  To- 
peka,  Kans. ;  Colorado  Scientific  Society,  Denver ;  Agricultural 
Experiment  Stations — Geneva,  N.  Y. ;  Auburn,  Ala.;  Michi- 
gan Agricultural  College,  Ingham  Co.;  Ames,  la. ;  Lincoln, 
Neb. ;   Corvallis,  Oreg. ;  Tucson,  Ariz. 

Accessions  to  the  Library  were  reported  from  the  Geological 
Survey  of  India,  Calcutta ;  Linnean  Society  of  New  South 
Wales,  Sydney;  Soc.  Finno  Ougrienne,  Helsingfors,  Finland; 
Ministerie  van  Binnenlandsche  Zadun,  s'  Gravenhage,  Nether- 
lands; Osservatorio  Astron.  Meteorol., Triest,  Austria;  Akad. 
der  Wissenschaften,  R.  Friedlander  und  Sohn,  Berlin,  Prussia ; 
K.  Leopold.-Carol.  Akademie,  Ilalle  a.  S.,  Prussia;  Bayer. 
Numisraat.  Gesellschaft,  Miinchen;  R.  Ministero  della  Instru- 
zione  Publica,  Padova,  Italia ;  R.  Accad.  di  Scienze,  etc.,  Mo- 
dena,  Italia  ;  Ecole  NatU  Supt.  des  Mines,  Mr.  Georges  Bertin, 
Paris,  France;  Geographical  Society,  Manchester,  Eng.;  Ca- 
nadian Institute,  Ontario  Archaeological  Museum,  Mr.  J.  M. 
Clark,  Toronto,  Canada;  Mr.  George  M.  Whitaker,  Boston, 
Mass.;  Academy  of  Sciences,  Amer.  Museum  Nat.  History, 
Mr.  James  Douglas,  New  York,  N.  Y. ;  Free  Public  Library, 
Jersey  City,  X.  J.;  Lafayette  College,  Easton,  Pa.;  Pepper 
Laboratory  of  Clinical  Medicine,  Dr.  Charles  A.  Oliver, 
Messrs.  Wharton  Barker,  Frederick  Prime,  Maxwell  Sommer- 
ville,  Philadelphia;  Lighthouse  Board,  U.  S.  Department  of 
Agriculture,  U.  S.  Geological  Survey,  Prof.  Albert  S.  Gatschet, 
Washington,  D.  C. ;  University  of  California,  Berkeley  ;  State 
Historical  Society,  Madison,  Wis.;    State  Historical  Society, 
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Iowa  City,  la.;  Agricultural  Experiment  Stations — College 
Park,  Pa. ;  Lexington,  Ky. ;  Columbia,  Mo. ;  Agricultural 
College,  Michigan ;  Madison,  Wis. ;  Denver,  Colo. ;  Berkeley, 
Cal. ;  Instituto  Medico  Nacional,  Laminas,  Mexico. 

Photograph  for  the  Society's  Album  was  received  from  Dr. 
W.  G.  A.  Bonwill,  Philadelphia. 

The  following  death  was  announced :  Hon.  William  Strong, 
Washington,  D.  C,  August  19,  1895. 

A  paper  was  read  on  the  "  Identification  of  Colored  Inks  by 
the  Absorption  Spectra,"  by  Dr.  C.  A.  Doremus,  of  New  York. 

Prof.  Cope  made  some  remarks  on  the  figures  of  men  and 
animals  on  a  tablet  from  Nippur,  and  expressed  the  opinion 
that  the  men  were  of  the  pure  white  race  and  not  mixed. 

Dr.  Brinton  followed,  corroborating  the  views  of  Prof.  Cope. 

Pending  nominations  1346  and  1347,  and  new  nominations 
1348  to  1362,  were  read.  On  motion,  the  nominations  of  non- 
residents were  referred  to  Council. 

The  Curators  reported  on  the  collections  of  coins  and  medals 
formerly  deposited  with  the  Numismatic  Society,  but  at  present 
deposited  in  the  Pennsylvania  Museum  and  School  of  Indus- 
trial Art.  All  the  articles  had  been  accounted  for  with  but 
two  exceptions. 

The  report  was  received,  and  the  Curators  discharged  from 
further  consideration  of  th^  subject. 

The  rough  minutes  were  then  read,  and  the  Society  ad- 
journed. 


The  Identification  of  Colored  Inks  by  their  Absorption  Spectra, 

By  Charles  A,  Doremus, 

From  the  committee  appointed  by  the  Society  to  investigate  the  variouB 
methods  for  the  examination  of  documents, 

(Readbrfore  the  American  Philosophical  Society,  April  10,  1S96.) 

The  substitution  of  aniline  dyes  for  other  coloring  matters  in  the  pre- 
paration of  colored  inks,  especially  red,  necessitates  the  adoption  of  means 
for  their  recognition. 
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A  characteristic  feature  of  the  aniline  colors  is  a  surface  iridescence, 
distinguishable  even  in  the  thinnest  layers. 

The  beetle  bronze  is  unmistakable.  The  iridescence  is  frequently  com- 
plementary to  that  of  the  color — thus  green  to  red. 

Many  of  these  inks  also  show  fluorescence.  This  is  especially  developed 
in  very  dilute  solutions.  Highly  attenuated  solutions  of  fluorescein 
behave  diflerently  to  light  from  concentrated  ones.  The  dichroism  of 
concentrated  solutions  is  quite  distinct  from  the  fluorescence  obtained  by 
dilution. 

Concentration  appears  to  destroy  fluorescence.  This  is  also  true  of 
glass.  Glass  containing  ten  per  cent,  of  uranium  oxide  would  not  be 
recognized  as  the  uranium  glass  whose  greenish  yellow  fluorescence  is  so 
well  known. 

The  writer  was  led  to  investigate  many  of  these  properties  in  connec- 
tion with  a  case  tried  in  New  Jersey  in  1891.*  The  circumstances  were 
briefly  as  follows :  Mr.  George  P.  Gordon,  of  printing  press  fame,  left  a 
large  estate  by  a  will  dated  1873.  This  will  was  rejected  because  the  sub- 
scribing witnesses  would  not  swear  to  the  execution  of  it.  The  case 
became  one  of  intestacy  and  was  taken  in  charge  by  the  Public  Adminis- 
trator of  Brooklyn.  The  estate  was  then  settled  with  the  parties  named 
in  the  will.  The  widow  and  a  daughter  by  a  first  wife  were  the  chief 
beneficiaries.  The  daughter  died  in  1890  and  her  will  was  offered  for 
probate  in  New  York  city.  A  contest  took  place.  The  contesting  attor- 
neys received  a  letter  from  a  party  stating  that  he  had  seen  a  notice  of  the 
contest  in  the  daily  press  and  that  they  would  hear  something  to  their  ad- 
vantage should  they  communicate  with  him.  This  led  to  the  finding  (?) 
in  a  garret  of  a  will  purporting  to  have  been  executed  by  George  P.  Gor- 
don in  1868.  The  subscribing  witnesses  to  this  document  were  all  dead. 
The  wife  and  daughter  had  also  died  before  this  alleged  will  was  brought 
to  light.  This  document  was  proved  ex  pcwte  in  New  Jersey  and  ancillary 
probate  was  allowed  in  New  York.  The  instrument  was  also  filed  in 
Trenton.  The  legal  representatives  of  the  heirs  of  the  wife  and  daughter 
contested  the  genuineness  of  this  will.  The  proponents  were  parties  con- 
testing the  daughter's  will  to  whom  was  joined  Henry  C.  Adams,  who 
claimed  to  have  drawn  the  will  and  who  would  be  benefited  should  it  be 
established.  For  a  time  the  litigation  was  conducted  on  the  part  of  the 
contestants  in  attempts  to  prove  by  the  handwriting  that  the  signature  of 
the  testator  was  a  forgery.  The  case  to  this  point  rested  entirely  upon 
expert  testimony,  when  Adams  brought  forward  a  draft  of  the  will  pur- 
porting to  have  been  made  in  July,  1868,  and  offered  it  in  evidence.  This 
draft  was  interlineated  and  amended  with  red  ink.  When  submitted  to 
expert  chemists  they  pronounced  the  ink  one  of  some  aniline  color  and 
from  general  appearances  eosine.     The  controversy  then  centred  on  the 

♦The  Prerogative  Tourt  of  the  Stati'  of  New  Jersey  in  the  matter  of  the  Probate  in 
aolemn  Form  and  the  JaxsI  Will  and  Testament  of  (-ie<»rge  P.  Gordon,  deceased.  Jertey 
City  X('U'»  Prefs,  ISifJ. 
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question  as  to  whether  the  ink  was  eosine  or  not.  Experts  were  called 
for  both  sides  and  the  writer  was  among  those  retained  by  the  executors. 
As  the  right  to  use  reagents  on  the  document  was  denied  all  the  preliminary 
tests  had  to  be  of  a  physical  character,  though  they  were  afterwards  veri- 
fied by  chemical  tests  in  court.  My  attention  had  been  called  several 
years  previously  to  the  black  appearance  of  the  lips  of  players  using 
rouge,  one  kind  of  which  I  knew  to  be  eosine..  Eosine  is  irresponsive  to 
yellow  rays  and  seems  almost  black  in  the  glare  of  the  footlights.  Carmine 
and  other  reds  retain  more  of  their  red  color.  Experiments  were  there- 
fore made  with  different  red  inks,  as  carmine,  aniline  red,  safranine,  and 
eosine,  and  their  appearance  noted  under  monochromatic  illumination  of 
a  sodium  flame. 

The  results  were  not  as  pronounced  as  desired.  Recourse  was  then  had 
to  comparing  the  various  inks  in  strong  daylight  behind  differently  colored 
glasses.  The  efiects  were  very  striking,  especially  with  the  aniline  inks 
since  they  possess  iridescence. 

Colored  glasses  also  greatly  aid  in  the  discovery  of  their  fluorescent 
qualities. 

The  ink  on  the  document  presented  a  lustre  when  illuminated  through 
green  glass  which  was  quite  different  from  that  of  carmine  and  various 
aniline  inks. 

The  fluore$eence  of  eosine  may  also  be  enhanced  by  the  use  of  blue  or 
purple  glass. 

These  experiments  induced  the  writer  to  try  a  spectroscopic  examination 
of  inks,  both  in  solution  and  in  form  of  writing. 

A  Zeiss  micro-spectroscopic  eye-piece  and  low-power  lens  were  used  at 
first,  then  a  higher  power.  This  test  is  especially  valuable  since  the  docu- 
ment is  uninjured. 

It  requires  the  brightest  sunlight  as  a  source  of  illumination.  The  ink 
is  viewed  by  transmitted  light  and  an  absorption  spectrum  is  obtained. 
When  mapped  the  spectra  are  found  to  vary. 

This  means  of  identification  was,  however,  not  suflJciently  developed  to 
enable  it  to  be  used  in  court,  nor  could  it  be  shown  because  of  the  absence 
of  proper  facilities. 

At  court  the  preliminary  examination  of  the  experts  was  strengthened 
by  chemical  tests  applied  to  the  ink  on  the  document  and  prominently 
the  action  of  hydrochloric  acid  which  produced  a  yellow  color  and  by  the 
greenish  yellow  fluorescent  nature  of  a  solution  of  the  ink. 

The  opinion  of  the  experts  for  the  defense  that  the  ink  was  eosine  was 
corroborated  by  several  ink  manufacturers  and  a  well-known  importer  of 
aniline  dyes. 

In  rebuttal  it  was  claimed  that  the  ink  was  aurine. 

It  was  necessary  to  break  the  evidence  going  to  prove  the  ink  to  be 
eosine  since  that  color  was  not  discovered  until  1874,  eight  years  after  the 
date  of  the  will.    Aurine  was,  however,  in  commercial  use  in  18C5,  and 
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M  per  patent  of  Henry  Ellis,  Great  Britain,  No.  2^7.  It  was  not  shown, 
however,  that  it  was  purchasable  as  ink  in  this  country  in  1868. 

The  decision  of  the  Chancellor  in  favor  of  the  contestants  was  sustained 
in  1894  by  the  Court  of  Errors  and  Appeals. 

While  an  alkaline  aurine  solution  produces  an  ink  very  similar  to 
eosine  in  many  properties  and  reactions,  it  differs  widely  in  others  and  es- 
pecially in  not  having  greenish  yellow  fluorescence  of  eosine  in  diluted 
solution  and  in  not  showing  the  same  absorption  spectrum  and  derivative 
spectra. 

The  accompanying  maps  show  the  spectra  observed  with  thin  layers  of 
various  inks.  A  Donn^  lactoscope  proved  very  useful  in  varying  the 
thickness  of  the  layer  until  the  most  characteristic  appearance  was  obtained. 
The  same  absorption  bands  were  afterwards  recognized  when  pen  marks 
made  with  these  inks  were  examined  under  a  microscope  to  which  a  Zeiss 
spectroscopic  eye- piece  was  adjusted. 

The  spectroscopic  examination  of  the  ink  while  on  the  document  should 
be  followed  whenever  allowed  by  observations  of  the  spectra  produced 
when  the  ink  is  subjected  to  the  action  of  chemicals. 

Very  marked  changes  occur,  and  since  even  colorless  solutions  may 
show  absorption  bands  this  means  of  identification  possesses  the  double 
advantage  of  an  accurate  physical  test  without  injury  to  the  document 
together  with  a  combined  chemical  and  physical  test  where  the  application 
of  reagents  is  permitted. 


Stated  Meetinrj,  April  17,  ISOG. 

President,  Mr.  Fraley,  in  the  Chair. 
Present,  20  members. 

Mr.  Georges  Bertin,  a  newly  elected  member,  was  presented 
and  took  his  seat. 

Minutes  of  meeting  of  April  10  were  read  and  approved. 

Letters  of  acknowledgment  were  received  from  the  Public 
Library,  Wellington,  N.  Z.  (l-i-7);  Universitatis  Lundensis, 
Lund,  Sweden  (147);  Profs.  Friedrich  Miiller,  Edward  Suess, 
Vienna,  Austria  (148);  Naturforschende  Gesellschaft,  Bam- 
berg, Bavaria  (147) ;  K.  Siichs.  Meteorol.  Institut,  Chemnitz 
(148) ;  Verein  fur  Erdkunde,  Dresden,  Saxony  (147, 148) ;  Wet- 
terauische  Gesellschaft,  Hanau,  Germany  (147);   Verein    fiir 
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Kunst  und  Alterthum,  Ulm,  Germany  (143, 146, 147) ;  E.  Acca- 
demiadi  Scienze  Lett.  Arti,  Modena,  Italy  (147);  Texas  Acad- 
emy of  Science,  Austin  (149) ;  Kansas  State  Historical  Society, 
Topeka  (148) ;  Observatorio  Estado  de  Vera  Cruz,  Jalapa 
(144,  147, 149) ;  Don  Mariana  Barcena,  Observatorio  Meteoro- 
logico,  Mexico,  Mex.  (149). 

Accessions  to  the  Library  were  reported  from  the  Genoot- 
schap  van  Kunsten  en  Wetenschappen,  Batavia,  Java ;  Neder- 
landsche  Maatschappij  ter  bevordering,  etc ,  Amsterdam, 
Netherlands ;  K.  Universitetet,  Lund,  Sweden ;  Boemer  Mu- 
seum, Hildesheim,  Prussia;  Deutsche  Geologische  Gesell- 
schaft,  Berlin,  Prussia;  Academic des Sciences,  Paris,  France  ; 
Prof.  Henry  Wilde,  Manchester,  Eng.;  Hon.  J.  M.  LeMoine, 
Quebec,  Canada;  Amer.  Antiquarian  Society,  Worcester, 
Mass.;  Academy  of  Natural  Sciences,  Mr.  A.  E.  Outerbridge, 
Philadelphia ;  U.  S.  Senate,  U.  S.  Dep't  of  Agriculture, 
Washington,  D.  C;  California  Academy  of  Sciences,  San 
Francisco. 

On  behalf  of  the  special  committee  in  charge  of  the  quar- 
terly meetings.  Dr.  Pepper  reported  the  details  of  that  to  occur 
May  1. 

Dr.  Brinton  then  read  an  obituary  of  the  late  Henry  Hazle- 
hurst. 

Prof.  Cope  gave  a  brief  account  of  his  investigation  of  the 
remains  found  at  Port  Kennedy,  the  result  so  far  being  mam- 
malia, 38 ;  birds,  3  ;  reptiles,  6. 

In  reply  to  Dr.  Brinton,  Prof  Cope  stated  that  the  general 
term  Plistocene  is  applied  to  the  age  of  the  deposit.  It  is 
part  of  Cenozoic  times,  beginning  with  a  depression  of  probably 
2200  feet,  its  middle  corresponding  with  an  elevation  which 
had  much  to  do  with  the  preservation  of  the  continental  ice- 
cap. After  this  was  a  period  of  subsidence  leaving  but  little 
land  above  the  water. 

In  reply  to  Prof.  Prime,  Prof.  Cope  stated  that  Prof. 
Spencer  had  observed  the  depression  along  the  New  England 
coast. 

Prof.  Prime  thought  that  no  great  depression  could  have 
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occurred  in  Pennsylvania,  as  the  terminal  moraine  in  North- 
ampton county  is  but  650  feet  above  sea-level  and  is  practically 
unchanged. 

Pending  nominations  1846  to  1362  were  read. 

The  Library  Committee  reported  through  Dr.  Greene  and 
asked  for  an  appropriation  for  the  purchase  of  books  and  the 
filling  of  lacunae. 

On  motion  duly  seconded  the  following  was  adopted : 

BMoked,  That  an  appropriation  of  $500  be  made  to  the  Committee  on 
Library  for  expenses  during  the  year  1896. 

The  rough  minutes  were  read,  and  the  Society  adjourned. 


Stated  Meeting,  May  1,  1896. 

Vice-President,  Dr.  Pepper,  in  the  Chair. 

Present,  39  members. 

Correspondence  was  submitted. 

The  death  of  Jean  Baptiste  Loon  Say,  on  April  21,  was 
announced. 

A  letter  was  read  by  the  Chairman  from  Dr.  J.  S.  Minot, 
regretting  his  inability  to  be  present  and  take  part  in  the  dis- 
cussion. 

A  letter  from  the  President  announced  that  he  had  ap- 
pointed Hon.  Craig  Biddle  to  represent  this  Society  at  the 
sesqui-centennial  of  Princeton  University,  and  Dr.  J.  Cheston 
Morris  at  the  semi-centennial  jubilee  of  Lord  Kelvin,  at  the 
University  of  Glasgow. 

Prof.  Cope  was  then  called  upon  and  opened  the  discussion 
of  the  "  Factors  of  Organic  Evolution,"  from  the  Palaeontologi- 
cal  standpoint. 

Prof.  Conklin  followed,  presenting  the  subject  from  an  Em- 
bryological  point  of  view. 

Prof.  L.  D.  Bailey,  of  Cornell,  presented  the  subject  from  its 
Botanical  aspect. 
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Dr.  D.  G;  Brinton  then  presented  his  views  of  the 
subjeot. 

The  three  original  speakers  were  then  called  upon  and  each 
supplemented  his  remarks  by  thoughts  suggested  by  the 
others. 

In  the  course  of  his  remarks,  Prof.  Cope  exhibited  two 
specimens  illustrative  of  generalized  types  of  Yertebrata.  One  * 
of  these  was  a  cast  of  a  species  of^  the  genus  Phenacodus,  from 
the  Eocene,  which  represents  the  family  from  which  all  the 
Ungulate  Placental  Mammalia  have  descended.  The  other 
was  a  part  of  the  skeleton  of  a  reptile  from  the  Permian,  of 
the  new  genus  Otocoelus.  This  genus  is  the  type  of  a  new 
family  of  the  order  Cotylosauria.  This  order  approaches 
most  nearly  6f  all  the  Beptilia  to  the  class  Batrachia.  It  is 
also  the  most  generalized  of  the  Beptilia,  and  from  it  all  other 
orders  of  the  class  have  probably  descended  by  modifications 
in  different  directions.  The  particular  family  Otocoelidee  dif- 
fers from  the  other  families  of  Cotylosauria  in  the  possession 
of  a  meatus  auditorius  externus  and  of  an  osseous  carapace. 
From  it  were  probably  descended  the  orders  of  Pseudosuchia 
and  Testudinata,  which  first  appear  in  the  Trias.  A  descrip- 
tion of  this  family  and  the  species  it  includes  will  be  given  in 
an  early  number  of  the  Proceedings  of  the  Society. 

Nominations  1346  to  1362  were  read. 

The  Society  was  then  adjourned. 


The  meeting  of  the  first  of  May  having  been  designated  as 
that  on  which  a  discussion  of  the  theme,  "  Factors  of  Organic 
Evolution,"  should  be  held,  Prof.  Cope,  to  whom  the  Special 
Committee  in  charge  of  the  preparations  for  this  meeting  had 
confided  the  task  of  opening  the  discourse,  presented  an  epi- 
tome of  the  subject  as  it  exists  to-day  from  the  standpoint 
of  paleontology.* 

•  [Prof.  Cope,  being  unwilling  to  fiimish  the  Society  with  the  text  of  his  remarks,  or  to 
have  Uie  stenographic  copy  printed  in  the  Proceedings,  hi8  piirt  of  the  joint  discussion 
most  be  neceoarily  omitted.— Sicretakiks.] 


Conklin.1  *  8  [May  1, 

Diieuiiion  of  the  Faetar»  of  Organic  BvoluUon  from  the  Embryologieal 

Standpoint, 

By  Frof,  B.  Q.  Conklin. 

(Read  before  the  American  PhUoeophiccU  Society,  May  1, 1896,) 

Up  to  the  beginning  of  this  decade  embryology  was  largely  domi- 
nated by  the  phylogeny  idea.  Individual  development  was  generally 
studied,  as  the  paleontologist  studies  his  fossils,  with  a  view  to 
deciphering  the  evolutionary  record  in  the  various  stages.  It  is  now 
generally  recognized,  however,  that  embryology  is  but  little  fitted  for 
the  service  into  which  it  was  so  long  forced,  viz.,  the  determining  of 
phylogenies.  The  only  safe  guide  in  this  matter  is  comparative  anatomy 
of  both  living  and  extinct  forms.  On  the  other  hand,  our  knowledge 
of  the  mechanics  of  evolution  must  always  depend  in  large  part  upon 
the  study  of  individual  development.  More  than  any  other  discipline, 
embryology  holds  the  keys  to  the  method  of  evolution.  If  ontogeny  is 
not  a  true  recapitulation  it  is,  at  least,  a  true  type  of  evolution,  and  the 
study  of  the  causes  of  development  will  go  far  to  determine  the  factors 
of  phylogeny. 

The  causes  and  methods  of  evolution  are  intimately  bound  up  with 
those  general  phenomena  of  life  such  as  assimilation,  growth,  differen- 
tiation, metabolism,  inlieritance,  and  variation ;  and  the  evolution 
problem  can  never  be  solved  except  through  a  study  of  these  general 
phenomena  of  life  itself.  Our  great  need  at  present  is  not  to  know 
more  of  the  course  of  evolution,  but  to  discover,  if  possible,  the 
causes  of  growth,  differentiation,  repetition,  and  variation.  All  these 
general  i)lien()mena  are  most  beautifully  illustrated  in  the  develop- 
ment of  individual  organisms,  and  because  they  are  fundamental 
to  any  theory  of  evolution  I  shall  dwell  upon  them  rather  than  upon 
the  evidences  for  the  Lanuirckian  or  the  Darwinian  factors. 

I  call  your  attention  very,  briefly  to  the  following  propositions:  1. 
Development,  and  consequently  evolution,  is  the  result  of  the  interac- 
tion of  extrinsic  and  intrinsic  causes.  2.  Intrinsic  causes  are  dependent 
upon  protoplasmic  structure.  3.  Inherited  characters  must  be  prede- 
termined in  the  structure  of  the  germinal  protoj)lasm.  4.  Germinal, 
as  compared  with  somatic,  protoplasm  is  relatively  stable  and  contin- 
uous, but  not  absolutely  so  as  maintained  by  Weismann  ;  therefore, 
extrinsic  caus«'s  may  modify  both  jrerminal  and  somatic  protoplasm. 
5.  It  is  extremely  difficult  to  determine  whether  or  not  extrinsic  factors 
have  modified  the  structure  of  the  germinal  pr()toj)lasm.  This  is  illus- 
trated by  some  of  the  evidences  advanced  for  the  inherited  effects  of 
(1)  diminished  nutrition.  C2)  changes  in  enviroimu*nt,  (.3)  use  and 
disuse.  C.  Exi)eriment  alone  can  furnish  the  crucial  test  of  these 
Lamarckian  factors. 
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1.  The  causes  of  development  in  general  are  usually  recognized  as 
twofold,  extrinsic  and  intrinsic.  As  examples  of  extrinsic  causes  may 
be  mentioned  gravity,  surface  tension,  light,  heat,  moisture,  and  chem- 
ism  in  general ;  examples  of  intrinsic  causes  are  the  non-exosmosis  of 
salts  from  living  bodies  in  water,  the  pouring  of  a  glandular  secretion 
or  the  sap  of  plants  into  a  cavity  under  high  pressure,  the  active 
changes  in  shape  and  position  on  the  part  of  cells,  assimilation,  grow^th, 
division,  etc.  There  is  not,  however,  a  uniformly  sharp  and  distinct 
line  of  demarcation  between  these  two  factors  of  development.  Phe- 
nomena once  supposed  to  be  due  entirely  to  intrinsic  causes  are  now 
known  to  be  tlie  result  of  extrinsic  ones,  and  it  is  practically  certain 
that  this  will  be  found  true  of  still  other  phenomena.  But  although  it 
is  not  possible  to  draw  any  hard  and  fast  line  between  these  two  classes 
of  causes,  one  can,  in  general,  recognize  a  very  marked  difference 
between  them.  Extrinsic  causes  may,  in  large  part,  supply  the  stim- 
ulus and  the  energy  for  development,  and  may  more  or  less  modify  its 
course  ;  the  intrinsic  causes  are  of  a  much  more  complex  character  than 
the  extrinsic  ones,  they  are  inherent  in  the  living  matter  and  in  large 
part  predetermine  the  course  of  development.  In  one  form  or  another 
the  distinction  between  these  two  classes  of  causes  is  recognized  by  all 
naturalists.  His  calls  the  intrinsic  causes  "the  law  of  growth,"  the 
extrinsic  ones  the  conditions  under  which  that  law  operates.  These 
designations  correspond,  at  least  in  part,  to  Prof.  Cope's  Anagenesis 
and  Katagenesis,  and  to  Roux's  "simple  and  complex  components"  of 
developmental  processes. 

While  it  is  necessary  to  emphasize  the  differences  between  these 
two  classes  of  causes,  it  is  not  intended  thereby  to  dogmatically  assert 
their  total  difference  in  kind.  It  may  well  be  that  these  extrinsic  and 
intrinsic  causes  are  totally  different  in  kind,  but  in  our  present  state 
of  ignorance  it  would  be  unjustifiable  to  affirm  it.  On  the  other  hand, 
it  would  be  just  as  unwarrantable  to  dogmatically  affirm  that  there  is  no 
difference  in  kind  between  these  two  classes  of  causes,  and  that,  there- 
fore, all  vital  phenomena  are  only  the  manifestations  of  heat,  light,  elec- 
tricity, attraction,  repulsion,  chemism,  and  the  like.  It  may  be  that 
this  is  true,  but  there  is  as  yet  no  sufficient  evidence  for  it,  and  to  at- 
tempt, as  certain  dynamical  and  mechanical  hypotheses  do,  to  refer  all 
vital  phenomena  directly  to  such  simple  components  as  those  named 
above  is  practically  to  make  impossible  at  present  any  explanation  of 
vital  phenomena.  "If  we  would  advance  without  interruption,"  Fays 
Roux,*  "we  must  be  content,  for  many  years  to  come,  with  an  analysis 
into  complex  components." 

2.  We  need  not  now  further  concern  ourselves  with  an  explanation 
of  extrintic  causes  or  iimple  components,  since  this  subject  properly 
belongs  to  chemistry  and  physics.  If,  however,  we  examine  mori* 
closely  some  of  tlie  intrinsic  causes  or  complex  components,  we  ^vill  find 

•Wilhclm  Roux,  Einleitung.  Arehiv  fiir  EntwicUungsmcchanik  der  Onjanismeii. 
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that  they  are  always  associated  with  more  or  less  complex  Hrueturet ; 
infcbct,  tluU  they  are  dependent  upon  Hructure. 

The  smallest  and  simplest  mass  of  protoplasm  that  can  manifest  all 
the  fundamental  phenomena  of  life,  such  as  assimilation,  growth, 
division,  and  metabolism,  is  an  entire  cell,  nucleus  and  cytoplasm, 
and  probably  centrosome.  The  cell  is  composed,  as  microscopic  study 
plainly  reveals,  of  many  dissimilar  but  perfectly  coadapted  parts,  each 
performing  its  specific  function,  and  it  may  therefore  properly  be  called 
an  organism.  Some  phenomena  of  cell  life  may  be  directly  referred  to 
the  various  visible  constituents  of  the  cell,  but  many  of  them  are  evi- 
dently connected  with  structures  which  we  cannot  see,  structures 
which  may  perhaps  never  be  seen,  and  yet  which  must  be  vastly  more 
complex  than  the  most  complex  molecules  known  to  chemistry,  and 
yet  much  more  simple  than  the  microsomes,  centrosomes,  and  chromo- 
somes which  are  visible  in  the  cell.  With  these  ultra-microscopical 
particles  many  of  the  most  fundamental  phenomena  of  life  are  asso- 
ciated, viz.,  assimilation,  growth,  metabolism,  and  probably  differentia- 
tion, repetition,  and  variation.  These  functions  are  so  coordinated  that 
there  can  be  no  question  that  the  ultra-microscopical  structure  is  an 
organization,  with  part  coadapted  to  part.  The  organization  of  the 
cell,  therefore,  does  not  stop  with  what  the  microscope  reveals,  but 
must  be  supposed  to  extend  to  the  smallest  ultimate  particles  of  living 
matter  which  manifest  specific  functions.  These  are  the  vital  units  so 
generally  postulated,  the  "smallest  parts"  of  living  matter,  as  they 
were  called  by  Briicke,  who  first  demonstnited  that  they  must  exist ; 
the  "physiological  units"  of  Spencer,  the  "gemmules"  of  Darwin, 
the  "micella-groups"  of  Nageli,  the  "pangenes"  of  I)e  Vries,  the 
"plasomes"  of  Wiesner,  the  "idioblasts "  of  ilertwig,  the  "bio- 
phores "  of  Weismann.  Such  ultimate  units  have  been  found  abso- 
lutely necessary  to  explain  those  most  fundamental  of  all  vital  phe- 
nomena, assimilation  and  growth,  while  many  other  phenomena,  espe- 
cially particulate  inJieritance,  the  independent  variability  of  parts,  and  the 
hereditary  transmission  of  latent  and  patent  characters,  can  at  present 
only  be  explained  by  referring  them  to  ultra-microscopical  units  of 
structure.  To  deny  that  there  are  such  units  does  not  simplify  the 
problem,  as  some  seem  to  suppose,  but  renders  it  impossible  of  ap- 
proach. A  corpuscular  hypothesis  of  life,  like  that  of  light,  may  be 
only  a  temporary  makeshift,  but  it  is  better  than  nothing. 

Whitman*  well  says:  "Briieke's  great  merit  consists  in  this  that  he 
taught  us  the  necessity  of  assuming  structure  as  the  basis  of  vital  phe- 
nomena, in  spite  of  the  negative  testimony  of  our  imperfect  micro- 
scopes. That  function  ])resupi>oses  structure  is  now  an  accei)te<l  axiom, 
and  we  need  only  extend  Briicke's  method  of  reasoning,  from  the  tissue 
cell  to  the  egg  cell,  in  order  to  see  that  there  is  no  es(aj)e  from  the 
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conclusion  that  the  whole  course  of  developmental  phenomena  must  be 
referred  to  organization  of  some  sorl.  Development,  no  less  ihan  other 
vital  phenomena,  is  a  function  of  organization." 

3.  A  study  of  the  phenomena  of  development,  as  well  as  the  prin- 
ciple of  causality,  make  it  certain  that  all  the  characters  of  the  species 
are  predetermined  wiihin  the  protoplasm  of  the  fertilized  egg  cell. 
From  a  frog's  egg  only  a  frog  will  develop,  from  an  echinoderm  egg 
only  an  echinoderm,  and  the  course  of  the  development  is,  under 
normal  circumstances,  deflnitely  marked  out  in  each  case,  even  down 
to  the  minutest  details.  All  the  results  of  experiment,  as  well  as 
observation  and  induction,  only  serve  to  render  this  conclusion  the 
more  certain.  It  should  be  observed  that  to  affirm  that  characters  are 
predetermined  is  a  very  different  thing  from  saying  they  are  preformed. 
The  one  merely  asserts  that  the  cause  of  the  transformations  which 
lead  from  one  step  to  another  in  the  development  is  determined  by  the 
initial  conditions  of  the  fertilized  egg  cell ;  the  other  affirms  that  those 
transformations  have  already  taken  place. 

The  absolute  determinism  of  development  depends  primarily  upon 
the  constant  structure  of  the  egg  cell,  but  also  to  a  certain  extent  upon 
a  definite  relation  to  extrinsic  factors.  Since,  however,  these  extrinsic 
factors  may  be  exactly  the  same  in  two  cases,  and  yet  the  result  of  de- 
velopment be  very  different  («.  g.,  the  egg  of  the  starfish  and  that  of 
the  sea  urchin),  we  can  only  conclude  that  while  ontogenetic  differences 
may  be  caused  by  a  disturbance  of  the  extrinsic  factors,  inherited  char- 
acttrs  are  always  the  result  of  a  definite  structure  of  the  germinal  pro- 
toplasm, and  that,  therefore,  development  is,  in  the  w^ords  of  Prof. 
Whitman,  "a  function  of  organization." 

Inheritance  and  variation  are  general  terms  which  include  a  great 
many  different  kinds  of  phenomena,  many  of  which  seem  to  be  due  to 
entirely  difierent  factors.  A  great  many  phenomena  of  inheritance 
seem  to  be  due  entirely  to  extrinsic  forces,  but  a  more  careful  inquiry 
always  reveals  the  fact  that  they  are  invariably  due  to  the  reaction  of 
certain  extrinsic  causes  on  a  perfectly  definite  living  structure.  As 
examples  may  be  mentioned  the  following : 

(I)  The  tiger-like  striping  of  the  egg  of  Fundulus,  which  is  very 
characteristic  and  would  certainly  be  regarded  as  an  inherited  char- 
acter, has  been  shown  by  Loeb*  to  be  due  entirely  to  the  position  of 
the  blood  vessels  of  the  blastoderm.  The  pigment  cells  are  at  first 
uniformly  distributed,  but  when  the  blood  vessels  are  formed  they 
gather  around  them,  probably  through  chemotropic  action,  and  thus 
the  characteristic  banded  appearance  is  produced.  Graf  has  since 
shown  that  the  color  paterns  of  leaches  are  produced  in  the  same  way. 
It  is  not  necessary,  therefore,  to  assume  that  the  color  patciii'^  in  tliesc 
cases  are  specifically  represented  in  the  germinal  j)rot()plasni  ;  it  may 
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even  be  that  the  position  of  the  blood  vessels  is  not  so  represented,  but 
there  must  be  some  ultimate  cause  back  in  the  germinal  plasm  itself 
which  determines  the  series  of  causes  which  finally  produces  the  color 
l)aterns.  In  short,  this  feature,  like  most  others,  was  predetermined 
from  the  beginning. 

(2)  Herbst*  has  shown  in  a  series  of  interesting  experiments  that  by 
the  use  of  various  chemical  substances  the  development  of  echinoderms 
may  be  profoundly  modified.  For  example,  in  sea  water  deficient  in 
calcium-chloride,  or  in  which  there  is  an  excess  of  potassium-chloride, 
the  pluteus  larva,  instead  of  developing  calcareous  spicules  aud  the  long 
ciliated  arms  which  give  the  normal  larva  an  angular,  easel-shaped 
appearance,  remains  rounded  in  shape  much  like  the  larva  of  Balano- 
glossus,  in  which  no  spicular  skeleton  is  developed.  The  withdrawal, 
therefore,  of  certain  normally  present  substances  from  the  environment 
may  profoundly  modify  the  end  result.  But  in  this  case,  as  in  the 
other,  it  is  absolutely  certain  that  the  calcareous  spicules  were  prede- 
termined in  the  egg  cell,  although  in  the  absence  of  calcareous  matter 
from  the  water  those  spicules  could  not  be  built — the  plan  was  there, 
but  the  building  material  was  lacking. 

Such  modifications  resulting  from  unusual  conditions  of  pressure, 
temperature,  density,  nutrition — in  fact,  any  alteration  of  the  chemical 
or  physical  environment — may  appear  in  any  stage  of  development 
from  the  unsegmented  egg  to  the  adult  condition,  but  it  must  not  be 
supposed  that  the  entire  development  can  bf*  reduced  to  such  factors. 
Loeb  argues  that  we  do  not  inherit  our  body  heat  from  our  parents 
because  it  depends  upon  certain  chemical  processes,  but  is  it  not  abso- 
lutely certain  that  we  inherit  a  certain  j)rot()plasmic  structure  which 
determines  those  chemical  processes,  and  hence  the  body  temperature? 
To  assume  that  extrinsic  causes  determine  whether  there  shall  hatch 
from  an  ag^  a  chicken  or  an  eagle  is  the  sheerest  nonsense.  The  study 
of  extrinsic  factors  in  relation  to  inheritance  will  serve  to  simj)lify  some 
of  the  intricate  i>roi)lem8  to  be  exi)lained,  but  surely  no  one  believes 
that  develoi)menl  can  ever  be  referred  entirely  to  such  factors.  The 
fact  is  that  determinism,  which  is  the  most  fundamental  characteristic 
of  inheritance,  is  manifested  at  ever)'  step  of  development,  and  there  is 
certai'jly  no  escape  from  the  conclusion  that  this  determinism  depends 
u\)on  ])rotoi)lasmi('  stru(;ture,  and  that  this  structure  it  is  which  is  trans- 
mitted from  generation  to  generation  and  which  forms  the  physical 
l)asis  of  inheritance. 

All  reall)'  inherited  characters  must,  therefore,  be  rej)resented  in 
the  structure  of  the  germinal  protoplasm,  and  must  consequently  be 
])resent  from  the  beginning  of  develoj)ment.  "  AVe  must  consider  it  as 
a  law  derivable  from  the  causality  j)rinci])le, "  says  Hatschek,!  *'that  in 
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the  phylogenetic  alterations  of  an  animal  form  the  end  stages  are  not 
alone  altered,  but  the  entire  series  from  the  egg  cell  to  the  end  stage. 
Every  alteration  of  an  end  stage  or  addition  of  a  new  one  must  be 
caused  by  an  alteration  of  the  egg  cell  itself."  Nageli*  has  expressed 
a  similar  view  in  the  following  famous  sentence  :  **  Egg  cells  must  con- 
tain all  the  essential  characteristics  of  the  species  as  perfectly  as  do 
adult  organisms,  and  hence  they  must  difler  from  one  another,  no  less 
as  egg  cells  than  in  the  fully  developed  state.  The  species  is  con- 
tained in  the  egg  of  the  hen  as  completely  as  in  the  hen,  and  the  hen's 
egg  differs  as  much  from  the  frog's  egg  as  the  hen  from  the  frog." 

4.  The  remarkable  tenacity  of  inheritance,  as  shown  especially  in 
reversions  and  the  preservation  of  useless  and  embryonic  characters 
through  many  hundreds  or  thousands  of  generations,  and  amid  the 
most  diverse  circumstances,  bears  strong  testimony  to  the  great  stability 
of  that  living  structure  which  is  the  basis  of  inheritance.  On  the  other 
hand,  all  experience  goes  to  prove  that  the  living  substance  of  the  body 
cells  in  general  is  readily  modified,  and  that  in  a  surprisingly  short 
time.  The  fact  of  this  great  difference  cannot  fail  to  be  recognized  ;  its 
cause  is  at  present  merely  a  matter  of  conjecture. 

Weismann  at  one  time  supposed  the  cause  of  this  to  be  an  absolutely 
stable,  absolutely  separate,  and  perpetually  continuous  germ  i)lasm. 
However,  there  is  the  most  convincing  and  abundant  evidence  that 
although  the  germ  plasm  is  relatively  very  stal)le  and  continuous,  it 
does  not  possess  those  divinely  perfect  characters  ascribed  to  it.  More 
recently  Weismann  has  expressly  abandoned  each  and  all  of  these 
characters,!  and  now,  like  a  good  Lamarckian,  finds  "the  cause  of 
hereditary  variation  in  the  direct  eflfects  of  external  influences  on  the 
biophores  and  determinants." 

The  outcome  of  the  whole  matter,  then,  is  that  we  find  ourselves 
much  in  the  «ame  position  as  we  were  before  Weismann  denied  the 
possibility  of  the  inheritance  of  acquired  characters.  All  hereditary  va- 
riations are  earned  by  tfie  action  of  extrinsic  forces  on  the  germinal  proto- 
plasm, producing  changes  in  its  structure.  Strangely  enough,  this  propo- 
sition was  admitted  as  a  logical  necessity  by  one  who  undertook  by 
rigorous  logic  to  prove  the  reverse.  Since  almost  the  only  objection  to 
this  position  was  the  one  raised  by  Weismann,  it  may  now  be  considered 
as  definitely  settled,  and  the  only  question  before  us,  then,  is  :  How  can 
extrinsic  causes  modify  the  structure  of  tlie  germinal  proto])la.sm? 

Since  by  his  own  admissions,  as  Komanes  has  shown,  the  most  char- 
acteristic features  of  Weismann's  svstem,  both  as  to  inlieritunce  and 
evolution,  have  been  virtual] \"  abandoned,  it  seems  to  some  that  his 
theories  have  been  of  no  real  value,  and  that,  like  an  ignis  fatuus,  they 
have  only  served  to  lead  biologists  astray  far  from  the  path  of  science 
into  the  dangerous  quagmires  of  speculation.     I  do  not  share  any  such 

♦  Nageli,  MeehanUeh-physiologiicht  Throne  tier  Ahstnmmungdtlut ,  l*^'-!. 
t  See  Bomanes'  ExamituUion  qf  Wcumannism,  Ibl'ii. 


ConkUn.]  81  [May  1, 

opinion.  Apart  from  his  splendid  observations  and  the  great  stimulus 
to  investigation  whicli  "Weismann's  theories  liave  furnislied,  there  re- 
main many  elements  of  permanent  value  in  his  work. 

Osborn  *  thinks  that  Weismann's  most  "  permanent  service  to  biology 
is  his  demand  for  direct  evidence  of  the  Lamarckian  principle."  It 
seems  to  me  that  his  greatest  service  consists  in  the  emphasis  which  he 
has  laid  upon  the  intrinsic  factors  of  development  and  evolution  as 
opposed  to  the  extrinsic  factors,  a  thing  which  he  has  indeed  over- 
emphasized, but  which  has  sadly  needed  a  strong  defender  in  these  later 
years.  Largely  as  an  outcome  of  his  work,  we  now  recognize  the  pos- 
sibilities and  the  limitations  of  the  selection  theory  as  never  before,  and 
we  also  recognize  that  many  of  the  evidences  which  were  adduced  in 
support  of  the  Lamarckian  factors  are  not  conclusive,  while  the  method 
of  securing  conclusive  evidence  is  clearly  marked  out.  "Whatever  we 
may  think  of  his  theories,  this  certainly  is  no  slight  service. 

5.  It  is  by  no  means  an  easy  task  to  determine  whether  the  influence 
of  extrinsic  forces  has  really  reached  the  germinal  protoplasm  and 
modified  its  structure  ;  much  more  difficult  is  it  to  determine  how  that 
modification  takes  place.  I  believe  it  is  safe  to  say  thai  a  majority  of 
the  cases  which  are  supposed  to  prove  the  inheritance  of  acquired  char- 
acters prove  only  that  characters  are  acquired,  not  that  they  are  inher- 
ited. There  is  great  need  of  caution  against  supposing  that  any  char- 
acter is  inherited  unless  it  repeats  itself  under  many  and  different  con- 
ditions. Apart  altogether  from  inheritance,  similar  conditions  may 
produce  similar  results,  and  consequently  this  source  of  error  must  be 
eliminated  if  we  would  be  certain  that  the  structure  of  the  germinal 
pr()toj)lasni  has  really  been  modified.  Many  of  the  alleged  cases  of  the 
inheritance  of  mutilations,  oi  the  direct  influence  of  the  environment 
and  of  use  and  disuse  full  away  under  this  precaution. 

The  general  evidence  for  the  inheritance  of  mutilations  is  so  noto- 
riously i)ad  that  I  pass  it  by  altogether,  and  select  for  consideration  a 
few  cases,  chosen  from  a  recent  work  on  the  subject,!  which  have  by 
various  writers  been  alleged  as  showing  the  direct  influence  of  environ- 
ment in  modifying  species  and  also  the  inherited  elfects  ol  use  and 
disuse. 

(1)  It  is  well  known  that  certain  gasteropods,  if  reared  in  small 
vessels,  are  smaller  than  when  grown  in  large  ones,  and  this  case  has 
been  cited  as  showing  the  influence  of  environment  in  modifying 
species.  There  is  good  evidence,  however,  that  this  modification  does 
not  affect  the  germinal  protoj)lasni,  for  these  same  gasteropods  will 
grow  larger  if  placed  in  larger  vessels.  It  seems  very  i>robable  that 
the  diminished  size  of  these  animals  is  due  to  deficient  food  supply,  but 
this  has  so  little  modified  the  somatic  protojilasm  that,  although  they 
may  be  fully  developed  as  shown  by  sexual  maturity,  they  at  once 

♦  Osborn.  The  Unknown  Ftxctort  of  Evolution,  Bloloj^'lcnl  lA'Ctiircs.  ISivi. 
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increase  in  size  as  soon  as  more  abundant  food  is  provided,  and  this 
takes  place  by  the  active  growth  and  division  of  all  the  cells  of  the 
body.  In  higher  animals,  once  maturity  has  been  reached,  there  is 
little  chance  for  growth,  apparently  because  many  of  the  cells  are  so 
highly  differentiated  that  they  can  no  longer  divide.  Consequently 
the  growth  is  limited,  and  hence  the  size  of  the  adult  may  depend  in 
part  upon  the  amount  of  nutriment  furnished  to  the  embryo.  This 
limitation  of  growth  is  due  to  the  high  degree  of  differentiation  of  the 
somatic  cells.  But  as  the  germ  cells  are  not  highly  differentiated  and 
are  capable  of  division,  it  follows  that  they  would  not  be  permanently 
modified  by  starving.  It  may  be,  as  Prof.  Brewer  argues,  that  long 
continued  starving  and  consequent  dwarfing  of  animals  may  leave  its 
mark  on  the  germinal  plasm ;  but,  as  he  also  remarks,  this  influence 
must  be  very  slight  as  compared  with  the  cumulative  effects  of  selec- 
tion in  breeding,  and  it  is  safe  to  assert  that  there  is  no  such  wholesale 
and  immediate  modification  of  the  germinal  plasm  due  to  the  influence 
of  nutrition  as  some  people  seem  to  suppose. 

(2)  The  interesting  experiments  of  Schmankewitsch  in  transforming 
one  species  of  Artemia  into  another  by  gradually  increasing  the  salinity 
of  the  water,  or  in  transforming  Artemia  into  another  genus,  Branchi- 
necta,  by  decreasing  the  salinity  of  the  water  are  well  known,  and  are 
often  cited  as  illustrations  of  the  fact  that  specific  and  even  generic 
differences  may  suddenly  be  produced  under  the  influence  of  the 
environment.  The  very  fact,  however,  that  these  changes  are  sud- 
denly produced,  and  that  they  can  at  will  be  quickly  modified  in  one 
direction  or  the  other  is  evidence  that  they  are  not  represented  in  the 
structure  of  the  germinal  plasm,  and  the  fact  that  definite  extrinsic 
causes,  such  as  salt  or  fresh  water,  acting  upon  this  plasm  produces 
results  which  are  constantly  the  same  is  the  best  evidence  that  the 
internal  mechanism,  ».  e.,  the  structure  of  the  germinal  plasm,  is  con- 
stantly the  same.  The  same  can  be  said  of  many  artificially  produced 
modifications,  such  as  the  exogustrulus  and  potassium  larvte  of  Herbst, 
all  of  which  profound  changes  are  due  entirely  to  extrinsic  and  not  to 
intrinsic  causes,  as  is  shown  by  the  fact  that  they  disappear  as  soon  as 
the  immediate  extrinsic  cause  is  withdrawn.  The  same  thing  is  shown 
in  Poul ton's  experiments  on  the  colors  of  Lepidopterous  larvte,  and  in 
this  case  also  it  is  known  that  the  changes  are  not  inherited,  at  least 
during  the  limited. period  through  which  the  experiments  were  con- 
ducted ;  and  it  should  be  observed  that  to  assume  that  this  would  take 
place  at  the  end  of  an  indefinite  number  of  generations  is  simply  to  beg 
the  question. 

Very  many  other  cases  of  a  similar  character  might  be  instanced 
under  this  head  if  time  permitted,  but  I  hasten  on  to  another  class  of 
evidence. 

Under  the  subject  of  the  inherited  effects  of  use  and  disuse  th(?  fol- 
lowing cases  may  be  mentioned  as  showing  how  inconclusive  much  of 
this  evidence  is : 
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(1)  In  the  first  place,  this  whole  line  of  argument  starts  with  the 
assumption  that  the  individual  habits  of  an  animal  are  inherited,  and 
that  these  habits  ultimately  determine  the  structure — an  assumption 
which  really  begs  the  whole  question  ;  for,  after  all,  the  substratuiii  of 
any  habit  must  be  some  physical  structure,  and  if  modified  habits  are 
inherited  it  must  be  because  some  modified  structure  is  inherited.  I 
take  an  example  which  will  serve  as  an  illustration  of  a  whole  class  : 
Jackson*  says  that  the  elongated  siphon  of  Mya,  the  long-necked 
clam,  is  due  to  its  habit  of  burrowing  in  the  mud,  or  to  quote  his  words  : 
"It  seems  very  evident  that  the  long  siphon  of  this  genus  was  brought 
about  by  the  effort  to  reach  the  surface,  induced  by  the  habit  of  d^ep 
burial."  It  certainly  would  be  pertinent  to  inquire  where  it  got  this 
habit,  and  how  it  happened  to  be  transmitted.  It  is  surely  as  difficult 
to  explain  the  acquisition  and  inheritance  of  habits,  the  basis  of  which 
we  do  not  know,  as  it  is  to  explain  the  acquisition  and  inheritance  of 
structures  which  are  tangible  and  visible.  Such  a  method  of  procedure, 
in  addition  to  begging  the  whole  question,  commits  the  further  sin  of 
reasoning  from  the  relatively  unknown  to  the  relatively  known  ! 

This  case  is  but  a  fair  sample  of  a  whole  class,  among  which  ma}'  be 
mentioned  the  following  :  The  derivation  of  the  long  hind  legs  of  jump- 
ing animals,  the  long  fore  legs  of  climbing  animals,  and  the  elongation 
of  all  the  legs  of  running  animals  through  the  influence  of  an  inherited 
habit.  All  such  cases  are  open  to  the  very  serious  objection  mentioned 
above. 

(2)  Another  whole  class  of  arguments  may  ])e  reduced  to  this  propo- 
sition :  Because  necessarv  mechanical  conditions  are  never  violated  ])v 
organisms,  therefore  moditications  due  to  such  conditions  show  the  in- 
heritance of  ac(iuire(l  characters.  Plainly,  the  alternative  proposition 
is  this  :  If  acquired  characters  are  not  inherited,  organisms  ought  to  do 
impossible  things. 

(3)  Many  of  the  arguments  advanced  to  prove  the  inheritance  of 
characters  acquired  through  use  or  disuse  seem  to  me  to  |)rove  entirely 
too  much.  For  exain|)le,  Prof,  Cope  argues  very  ably  that  bones  are 
lengthened  by  both  stretch  and  impact,  and  that  moditications  thus  pro- 
duced are  inherited.  Kven  granting  that  this  is  true,  how  would  it  be 
possible  for  this  |)roeess  of  lengthening  to  cease,  since  in  active  animals 
the  stretch  and  impact  must  be  continual?  Prof.  Cojie  answers  that 
the  growth  cejises  when  "ecpiilibrium  "  is  reached.  I  confess  I  cannot 
understand  this  explanation,  since  the  assumed  stimulus  to  growth 
must  be  continual.  Hut  granting  again  that  growth  may  stop  when  an 
animal's  legs  become  long  enough  to  "satisfy  its  needs,"  how  on  this 
principle  are  we  to  account  for  the  shortening  of  legs,  as,  for  example, 
in  the  turnspit  dog  and  the  ancon  sheei)an(l  numberless  cases  occurring 
in  nature?  If  any  one  species  was  able,  by  taking  thought  of  mechan- 
ic-al  stresses  and  strains,  to  add  one  cubit  unto  its  stature,  how  could 
the  same  stresses  and  strains  be  invoked  to  decrease  its  stature? 

•  R.  T.  Jjickson.  McmmrB  Boston  Soc.  ^'at.  Ifist..  WJO. 
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These  evidences  are,  I  know,  not  the  strongest  ones  which  can  be 
adduced  in  support  of  the  Lamarclcian  factors.  There  are  at  present  a 
relatively  small  number  of  such  arguments  which  seem  to  be  valid  and 
the  great  force  of  which  I  fully  admit.  But  the  cases  which  I  have 
cited  are,  I  believe,  fair  samples  of  the  majority  of  the  evidences  so  far 
presented,  and  in  the  face  of  such  '^evidence"  it  is  not  surprising  that 
one  who  is  himself  a  profound  student  of  the  subject  and  a  convinced 
Lamarckian  prays  that  the  Lamarckian  theory  may  be  delivered  from 
its  friends.* 

6.  Another  line  of  evidence,  and  by  far  the  most  promising,  is  that  of 
direct  experiment.  So  far  most  of  the  experiments  which  have  been 
carried  on  to  determine  this  question  have  been  carried  only  half  way 
to  a  conclusion — they  have  show^n  that  characters  are  acquired,  they 
have  usually  failed  to  show  that  they  are  transmitted  to  descendants. 
Among  animals  one  of  the  best  known  cases  is  the  inheritance  of 
epilepsy  and  other  disorders  in  Guinea  pigs,  due  to  certain  nervous 
lesions  of  the  parents.  But  Romanes,!  who  spent  much  time  in  trying 
to  corroborate  these  results,  concludes  as  follows:  *'0n  the  whole, 
then,  as  regards  Brow^n-Sequard's  experiments,  it  will  be  seen  that  I 
have  not  been  able  to  furnish  any  approach  to  a  full  corroboration." 

Among  plants,  on  the  other  hand,  there  is  more  and  better  experi- 
mental evidence,  but  it  is  not  by  any  means  as  full  or  satisfactory  as 
could  be  wished.  Of  one  thing  we  may  be  certain  :  a  .satisfactory  solu- 
tion of  the  problem  can  be  reached  only  by  experiment.  The  mere 
observations  and  inductions  of  the  morphologist,  while  affording  valu- 
able collateral  evidence,  can  never  furnish  the  crucial  test.  As  long 
as  we  deal  merely  with  probabilities  of  a  low  order  there  will  be  pro- 
found differences  of  opinion  :  e.  g.,  Cope  believes  in  all  the  Lamarckian 
factors;  Romanes  rejects  use  and  disuse,  but  believes  in  the  others; 
Weismann  rejects  all  of  them.  Why?  Is  it  because  each  does  not  know 
the  facts  upon  which  the  others  build?  Certainly  not.  Tho.se  so-called 
facts  are  merely  probabilities  of  a  higher  or  lower  order,  and  to  one 
man  they  seem  more  important  than  to  another.  No  conviction  based 
even  upon  a  high  degree  of  probability  can  ever  be  reached  in  this  way. 
There  is  here  a  deadlock  of  opinion,  each  challenging  the  other  to  pro- 
duce indubitable  proof.  This  can  never  be  furnished  by  observation 
alone.  Possibly  even  experiment  may  fail  in  it,  but  at  least  it  is  the 
only  hope. 

CONCLrSION. 

On  the  whole,  then,  I  believe  the  facts  which  are  at  present  at  our 
disposal  justify  a  return  to  the  position  of  Darwin.  Neither  Weismann- 
ism  nor  Lamarckism  alone  can  explain  the  causes  of  evolution.  But 
Darwinism  can  explain  those  causes.     Darwin  endeavored  to  show  tliat 
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variations,  perhaps  even  adaptations,  were  the  result  of  extrinsic  factors 
acting  upon  the  organism,  and  that  these  variations  or  adaptations  were 
increased  and  improved  by  natural  selection.  This  is,  I  believe,  the 
only  ground  which  is  at  present  tenable,  and  it  is  but  another  testimony 
to  the  greatness  of  that  man  of  men,  that,  after  exploring  for  a  score  of 
years  all  the  ins  and  outs  of  pure  selection  and  pure  adaptation,  men 
are  now  coming  back  to  the  position  outlined  and  unswervingly  main- 
tained by  him. 

Finally,  we  ought  not  to  suppose  that  we  have  already  reached  a 
satisfactory  solution  of  the  evolution  problem,  or  are,  indeed,  near  such 
a  solution.  "We  must  not  conceal  from  ourselves  the  fact,"  says  Roux, 
"that  the  causal  investigation  of  organism  is  one  of  the  most  difficult, 
if  not  the  most  difficult,  problem  which  the  human  intellect  has  at- 
tempted to  solve,  and  that  this  investigation,  like  every  causal  science, 
can  never  reach  completeness,  since  every  new  cause  ascertained  only 
gives  rise  to  fresh  questions  concerning  the  cause  of  this  cause." 


The, Factors  of  Organic  Evolution  from  a  Botanical  Standpoint. 

By  Prof  L.  U,  Bailey. 

{Read  before  the  American  Philosophical  Society,  May  1,  1S06.) 

THE  SURVIVAL  OF  THE  UNLIKE. 

We  all  agree  that  there  luis  been  and  is  evolution  ;  but  we  probably 
all  disagree  as  to  the  exact  agencies  and  forces  which  have  been  and  are 
responsible  for  it.  The  subject  of  the  agencies  and  vehicles  of  evolution 
has  been  gone  over  repeatedly  and  carefully  for  the  animal  creation,  but 
there  is  comparatively  little  similar  researcii  and  speculation  for  the  plant 
creation.  Tliis  deficieiicy  upon  ilie  plant  side  is  my  excuse  (or  calling 
your  attention,  in  a  popular  way,  lo  a  few  suggestions  respecting  the  con- 
tinuing creation  of  the  vegetable  worKi,  and  lo  a  somewhat  discursive 
consideration  of  a  number  of  illustrations  of  the  methods  of  advance  of 
plant  typey. 

1.  Mature  of  the  Ditergencc  of  tlie  Plant  and  Animal. 

It  is  selfevident  that  the  development  of  life  upon  our  planet  has  taken 
place  along  two  divergent  lines.  These  lines  originated  at  a  common 
l>oint.  This  common  life-plasma  was  probably  at  first  more  animal-like 
tlian  plant-like.  The  stage  in  wiiichthis  life-plasma  first  began  to  assume 
])lanl-like  functions  is  closely  and  possibly  exactly  preserved  to  us  in  that 
great  class  of  organisms  which  are  known  as  mycetozoa  when  studied  by 
zoologists  and  as  myxomyceles  when  studied  by  botanists.     At  one  stage 
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of  their  existence,  these  organisms  are  amoeba-like,  that  is,  animal-like, 
but  at  another  stage  they  are  sporiferous  or  plant  like.  The  initial  diver- 
gencies in  organisms  were  no  doubt  concerned  chiefly  in  the  methods  of 
appropriating  food,  the  animal-like  organisms  apprehending  their  food  at 
a  more  or  less  definite  point,  and  the  plant-like  organisms  absorbing  food 
throughout  the  greater  or  even  the  entire  part  of  their  periphery.  It  is 
not  my  purpose  to  trace  the  particular  steps  or  methods  of  these  diver- 
fiencies,  but  to  call  your  attention  to  what  I  believe  to  be  a  fundamental 
distinction  between  the  two  lines  of  de7elopment,  and  one  which  I  do 
not  remember  to  have  seen  stated  in  the  exact  form  in  which  it  lies  in  my 
mind. 

Both  lines  probably  started  out  with  a  Inore  or  less  well-marked  circu- 
Jar  arrangement  of  the  parts  or  organs.  This  was  consequent  upon  the 
peripheral  arrangement  of  the  new  cells  in  the  development  of  the  mul- 
ticellular organism  from  the  unicellular  one.  A  long  line  of  animal  life 
developed  in  obedience  to  this  peripheral  or  rotate  type  of  organization, 
ending  in  the  echinoderms  and  some  of  the  mollusks.  This  line  long  ago 
reached  its  zenith.  No  line  of  descent  can  be  traced  from  tl^em,  accord- 
ing to  Cope.  The  progressive  and  regnant  type  of  animal  life  appeared 
in  the  vermes  or  true  worms,  forms  which  are  characterized  by  a  two- 
sided  or  bilateral,  and  therefore  more  or  less  longitudinal,  structure.  The 
animal-like  organisms  were  strongly  developed  in  the  power  of  locomo- 
tion, and  it  is  easy  to  see  that  the  rotate  or  centrifugal  construction  would 
place  the  organism  at  a  comparative  disadvantage,  because  its  seat  of  sen- 
sation is  fartliest  removed  from  the  external  stimuli.  But  the  worm- like 
organisms,  "being  longitudinal  and  bilateral,"  writes  Cope,  "one  ex- 
tremity becomes  diflferentiated  by  first  contact  with  the  environment." 
In  other  words,  the  animal  type  has  shown  a  cephalic,  or  head-forming, 
evolution  in  consequence  'of  the  bilateralism  of  structure.  The  indi- 
vidual has  become,  concentrated.  Out  of  tliis  worm-form  type,  there- 
fore, all  the  higher  ranges  of  zootypic  evolution  have  sprung,  and  one  is 
almost  tempted  to  read  a  literal  truth  into  David's  lamentation  that  *'  I 
am  a  worm  and  no  man." 

If,  now,  we  turn  to  plants  we  find  the  rotate  or  peripheral  arrangement 
of  parts  emphasized  in  all  the  higher  ranges  of  forms.  The  most  marked 
bilateralism  in  the  plant  world  is  amongst  the  bacteria,  desmids.  and  the 
like,  in  which  locomotion  is  markedly  developed  ;  and  these  are  also 
amongst  the  lowest  plant  types.  But  plants  soon  became  attached  to  the 
earth,  or,  as  Cope  terms  them,  they  are  *' earth  parasites."  They  there- 
fore found  it  to  their  advantage  to  reach  out  in  every  direction  from  their 
hupport  in  the  search  for  food.  Whilst  the  centrifugal  arrangement  has 
strongly  tended  to  disappear  in  the  animal  creation,  it  has  tended  with 
equal  strength  to  persist  and  to  augment  itself  in  the  plant  creation.  Its 
marked  development  amongst  plants  began  with  the  acquirement  of  ter- 
restrial life,  and  with  the  consequent  evolution  of  the  asexual  or  sporo- 
pbytic  type  of  vegetation.     Nonnally,  the  higher  type  of  plant  bears  its 
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parts  more  or  less  equally  upon  all  sides,  and  the  limit  to  growth  is  still 
determiDed  by  the  immediate  environment  of  the  given  individoal  or  of 
its  recent  ancestors.  Its  evolution  has  been  acephalic,  diffuse,  or  head- 
less, and  the  individual  plant  or  tree  has  no  proper  concentration  of  parts. 
For  the  most  part,  it  is  filled  with  unspecialized  plasma,  which,  when 
removed  from  the  parent  individual  (as  in  cuttings  and  grafts),  is  able  to 
reproduce  another  like  individual.  The  arrangements  of  leaves,  branches, 
the  parts  of  the  flower,  and  even  of  seeds  in  the  fruit,  are  thus  rotate  or 
circular,  and  in  the  highest  type  of  plants  the  annual  lateral  increments 
of  growth  are  disposed  in  like  fashion  ;  and  it  is  significant  to  observe 
that  in  the  compositse,  which  is  considered  to  be  the  latest  and  highest 
general  type  of  plant- form,  the  rotate  or  centrifugal  arrangement  is  most 
emphatically  developed.  The  circular  arrangement  of  parts  is  the  typi- 
cal one  for  higher  plants,  and  any  departure  from  this  form  is  a  speciali- 
zation and  demands  explanation. 

The  point  I  wish  to  urge,  therefore,  is  the  nature  of  the  obvious  or  ex- 
ternal divergence  of  plant  like  and  animal-like  lines  of  ascent.  The 
significance  of  the  bilateral  structure  of  animal-types  is  well  understood, 
but  this  significance  has  been  drawn,  so  far  as  I  know,  from  a  compari- 
son of  bilateral  or  dimeric  animals  with  rotate  or  polymeric  animals.  I 
want  to  put  a  larger  meaning  into  it,  by  making  bilateralism  the  symbol 
of  the  onward  march  of  animal  evolution  and  circumlateralism  (if  I  may 
invent  the  term)  the  symbol  of  plant  evolution.  The  suggestion,  however, 
applies  simply  to  the  general  arrangement  of  the  parts  or  organs  of  the 
plant  body,  and  has  no  relation  whatever  to  functional  attributes  or  pro- 
cesses. It  is  a  suggestion  of  analogues,  not  of  homologues.  We  may, 
therefore,  contrast  these  two  great  lines  of  ascent,  which,  with  so  many 
vicissitudes,  have  come  up  through  the  age!",  as  Dipleurogenesis  and  Cen- 
trogenesis. 

The  two  divergent  directions  of  the  lines  or  phyla  of  evolution  have 
often  been  the  subject  of  comment,  but  one  of  the  sharpest  contrasts 
between  the  two  was  made  in  1884  by  Cope,  when  he  proposed  that  the 
vegetable  kingdom  has  undergone  a  degenerate  or  retrogressive  evolu- 
tion. "The  plants  in  general,"  he  then  wrote,  "in  the  persons  of  their 
protist  ancestors,  soon  left  a  free-swimming  life  and  became  sessile. 
Their  lives  thus  became  parasitic,  more  automatic,  and,  in  one  sense, 
degenerate.'*  The  evolution  of  the  plant  creation  is,  therefore,  held  to 
be  a  phenomenon  of  catagenesis  or  decadence.  This,  of  course,  is  merely 
a  method  of  stating  a  compflffison  with  the  evolution  of  the  animal  line  or 
phylum,  and  is  therefore  of  the  greatest  service.  For  myself,  however,  I 
dislike  the  terms  retrogressive,  catagenetic,  and  the  like,  as  applied  to  the 
l)lant  creation,  because  they  imply  intrinsic  or  actual  degeneracy.  True 
retrogressive  or  degenerate  evolution  is  the  result  of  loss  of  attributes. 
Cope  holds  tliat  the  chief  proof  of  degeueracy  in  the  plant  world  is  the 
loss  of  a  free-swimming  habit,  but  it  is  possible  that  the  first  life-plasma 
was  stationary  ;  at  any  rate,  we  do  not  know  that  it  was  motile.     Degen- 
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ency  is  unequivocally  seen  in  certain  restricted  groups  where  the  loss  of 
characters  can  be  traced  directly  to  adaptive  changes,  as  in  the  loss  of 
limbs  in  the  serpents.  Retarded  eyolution  expresses  the  development  of 
the  plant  world  better  than  the  above  terms,  but  even  this  is  erroneous 
because  plant  types  exhibit  quite  as  complete  an  adaptation  to  an  enor- 
mous yariety  of  conditions  as  animals  do,  and  there  has  been  rapid  prog- 
ress towards  specialization  of  structure.  As  a  matter  of  fact,  the  vege- 
table world  does  not  exhibit,  as  a  whole,  any  backward  step,  any  loss  of 
characters  once  gained,  nor  any  stationary  or  retarded  periods ;  but  its 
progress  has  l>een  widely  unlike  that  of  the  animal  world  and  it  has  not 
reached  the  heights  which  that  line  of  ascent  has  attnined.  The  plant 
phylum  cannot  be  said  to  be  catagenetic,  but  suigenetic.  Or,  in  other 
words,  it  is  centrogenetic  as  distinguished  from  dipleurogenetic. 

The  hearer  should  be  reminded,  at  this  point,  of  the  curious  alternation 
of  generations  which  has  come  at)out  in  the  plant  world.  One  genera- 
tion develops  sexual  functions,  and  the  product  of  the  sexual  union  is  an 
asexual  generation,  and  this,  in  turn,  gives  rise  to  another  sexual  gen- 
eration  like  the  first.  In  the  lowest  sex-plants,  as  the  alga?,  the  sexual 
generation — or  the  gamctophyte,  as  it  is  called — generally  comprises  the 
entire  plant  body,  and  the  asexual  generation — or  sporophyte— develops 
as  a  part  of  the  fructifying  structure  of  the  gametophyte.  and  is  recog- 
nizable as  a  separate  structure  only  by  students  of  special  training.  In 
the  fungi,  which  are  probably  of  catagenetic  evolution,  alternation  of 
generations  is  very  imperfect  siX  wanting.  In  the  true  mosses,  the 
gametophyte  is  still  the  conspicuous  part  of  the  plant  structure.  It  com- 
prises all  that  part  of  the  moss  which  the  casual  observer  recognizes  as 
"the  plant."  The  sporophytic  generation  is  still  attached  to  the  per- 
sistent gametophyte,  and  it  is  the  capsule  with  its  stem  and  appendages. 
In  the  ferns,  however,  the  gametophytic  stage  is  of  short  duration.  It  is 
the  inconspicuous  prothallus,  which  follows  the  germination  of  the  spore. 
Therefrom  originates  "the  fern,"  all  of  which  is  sporophytic,  and  the 
gametophyte  perishes.  With  the  evolution  of  the  flowering  plants,  the 
gametophyte  becomes  still  more  rudimentary,  whilst  the  sporophyte  is 
the  plant,  tree  or  bush,  as  we  see  it.  The  gametophytic  generation 
is  associated  with  the  act  of  fertilization,  the  male  prothallus  or  gameto- 
phyte developing  from  the  pollen  grain  and  soon  perishing,  and  the 
female  prothallus  or  gametophyte  developing  in  the  ovule  and  either  soon 
perishing  or  persisting  in  the  form  of  the  albumen  of  the  seed.  The  great 
development  of  the  sporophyte  in  later  time  is  no  doubt  a  consequence  of 
the  necessity  of  assuming  a  terrestrial  life  ;  and  with  this  development 
has  come  the  perfection  of  the  centrogenic  form. 

2.  77ie  Origin  of  Differences. 

The  causes  which  have  contributed  to  the  origin  of  the  differences  which 
we  see  in  the  organic  creation  have  been  and  still  are  the  subjects  of  the 
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most  violent  controversy.  Those  persons  who  conceive  these  differences 
to  have  come  into  existence  full-formed,  as  they  exist  at  the  present  time, 
are  those  who  believe  in  the  dogma  of  special  creations,  and  they  usually 
add  to  the  doctrine  a  belief  in  design  in  nature.  This  doctrine  of  special 
creation  receives  its  strongest  support  when  persons  contrast  individual 
objects  in  nature.  Certainly  nothing  can  seem  more  unlike  in  very  fun- 
damental cliaracter  than  an  insect  and  an  elephant,  a  star-fish  and  a  potato, 
a  man  and  an  oak  tree.  The  moment  one  comes  to  study  the  genealo- 
gies of  these  subjects  or  groups,  however,  he  comes  upon  the  astonishing 
fact  that  the  ancestors  are  more  and  more  alike  the  farther  back  they  are 
traced.  In  other  words,  there  are  great  series  of  convergent  histories. 
Every  naturalist,  therefore,  is  compelled  to  admit  that  differences  in  na- 
ture have  somehow  been  augmented  in  the  long  processes  of  time.  It  is 
unnecessary,  therefore,  that  he  seek  the  causes  of  present  differences 
until  he  shall  have  determined  the  causes  of  the  smallest  or  original 
differences.  It  is  thus  seen  that  there  are  two  great  and  coordinate  prob- 
lems in  the  study  of  evolution,  the  causes  of  initial  differences,  and  the 
m3ans  by  which  differences  are  augmented.  These  two  problems  are  no 
doubt  very  often  expressions  of  the  same  force  or  power,  for  the  augmen- 
tation of  a  difference  comes  about  by  the  origination  of  new  degrees  of 
difference,  that  is.  by  new  differences.  It  is  very  probable  that  the  origi- 
nal genesis  of  the  differences  is  often  due  to  the  operation  of  the  very 
same  physiological  processes  which  gradually  enlarge  the  difference  into 
a  gulf  of  wide  separation. 

In  approaching  this  question  of  the  origin  of  unlikenebses,  the  inquirer 
must  first  divest  himself  of  the  effects  of  all  previous  teaching  and  think- 
ing. We  have  reason  to  assume  that  all  beings  came  from  one  original 
life-plasma,  and  we  must  assume  that  this  plasma  had  the  power  of  per- 
petuating its  physiological  identity.  Most  persons  still  further  assume 
that  this  plasma  must  have  been  endowed  with  the  property  of  reproduc- 
ing all  its  characters  of  form  and  habit  exactly,  but  such  assumption  is 
wholly  gratuitous  and  is  born  of  the  age-long  habit  of  thinking  that  like 
produces  like.  We  really  have  no  right  to  assume  cither  that  this  plasma 
was  or  was  not  constituted  with  the  power  of  exact  reproduction  of  all 
iis  attributes,  unless  the  behavior  of  its  ascendants  forces  us  to  the  one  or 
the  other  conclusion.  Inasmuch  as  no  two  individual  organisms  ever  are 
or  ever  have  been  exactly  alike,  so  far  as  we  can  determine,  it  seems  to  me 
to  be  the  logical  necessity  to  assume  that  like  never  did  and  never  can 
produce  like.  The  closer  we  are  able  to  approach  to  plasmodial  and  un- 
specialized  forms  of  life  in  our  studies  of  organisms,  the  more  are  we  im- 
pressed with  the  weakness  of  the  hereditary  power.  Every  tyro  in  the 
study  of  protoplasm  knows  that  the  amccba  has  no  form.  The  shapes 
which  it  assumes  are  individual,  and  do  not  pass  to  the  descendants.  To 
my  miiul,  therefore,  it  is  a  more  violent  assumption  to  suppose  that  this 
first  unspecialized  plasma  should  exactly  reproduce  all  its  minor  features 
than  to  suppose  that  it  had  no  distinct  hereditary  power  and  therefore,  by 
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the  very  nature  of  iU  constitution,  could  not  exactly  reproduce  ilaelf. 
The  burden  of  proof  has  been  thrown  upon  those  who  attempt  to  explain 
tlie  initial  origin  of  differences,  but  it  should  really  be  thrown  upot)  those 
who  assume  that  life-matter  was  originally  so  constructed  as  to  rigidly 
recast  itself  into  one  mould  in  each  succeeding  generation.  I  see  less 
reason  for  dogmatically  assuming  that  like  produces  like  than  I  do  for 
supposing  that  unlike  produces  unlike. 

I  advanced  this  proposition  a  year  ago  in  my  Plant- Breeding  (pp,  9, 
10),  and  I  am  now  glad  to  find,  since  writing  the  above  paragraph, 
that  H.  8.  Williams  has  reached  similar  conclusions  in  his  new  Geological 
Biology,  He  regards  mutability  as  the  fundamental  law  of  organisms, 
and  speaks  of  the  prevalent  notion  that  organisms  must  necessarily  repro- 
duce themselves  exactly  as  ''one  of  the  chief  inconsistencies  in  the  preva- 
lent conception  of  the  nature  of  organisms."  "While  the  doctrine  of 
mutability  of  species  has  generally  taken  the  place  of  immutability,"  he 
writes,  "  the  proposition  that  like  produces  like  in  organic  generation  is 
still  generally,  and  I  suppose  almost  universally,  accepted.  It  therefore 
becomes  necessary  to  suppose  that  variation  is  exceptional,  and  that  some 
reason  for  the  accumulation  of  variation  is  necessary  to  account  for  the 

great  divergencies  seen  in  different  species The  search  has  been 

for  some  cause  of  the  variation  :  it  is  more  probable  that  mutability  is  the 
normal  law  of  organic  action,  and  that  permanency  is  the  acquired  law." 
I  do  not  suppose  that  Prof^sor  Williams  makes  definite  variation  an  inhe- 
rent or  necessary  quality  of  organic  matter,  but  that  this  matter  had  no 
original  heredhary  power  and  that  its  form  and  other  attributes  in  suc- 
ceeding generations  have  been  moulded  into  the  environment,  and  that 
the  burden  of  proof  is  thrown  upon  those  who  assume  that  life-matter 
was  endowed  with  the  property  that  like  necessarily  produces  like.  At 
uU  events,  this  lust  is  my  own  conception  of  the  modification  of  the 
streams  of  ascent. 

In  other  words,  I  look  upon  heredity  as  an  acquired  character,  the  same 
as  form  or  color  or  sensation  is.  and  not  as  an  original  endowment  of 
matter.  The  hereditary  power  did  not  originate  until  for  some  reason  it 
was  necessary  for  a  given  character  to  reproduce  itself,  and  the  longer  any 
form  or  character  was  perpetuated,  the  stronger  became  the  hereditary 
power. 

It  is  now  pertinent  to  inquire  what  determined  the  particular  differen- 
ces which  we  know  to  have  persisted.  The  mere  statement  that  some 
forms  became  sessile  or  attached  to  the  earth,  and  that  others  became 
or  remained  motile,  is  an  assumption  that  these  differences  were  direct 
adaptations  to  environment.  Every  little  change  in  environment  incited 
a  corresponding  change  in  the  plastic  organization  ;  and  the  greater  and 
more  various  the  changes  in  the  physical  attributes  of  the  earth  with  tlie 
lapse  of  time,  the  greater  became  the  modifications  in  organisms.  I  be- 
lieve, therefore,  that  the  greater  part  of  present  difierences  in  organisms 
are  the  result  directly  and  indirectly  of  external  stimuli,  until  we  come 
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into  those  higher  ranges  of  being  in  which  sensation  and  volition  have 
developed,  and  in  which  the  effects  of  use  and  disuse  and  of  psychologi- 
cal states  have  become  increasingly  more  important  as  factors  of  ascent. 
The  whole  moot  question,  then,  as  to  whether  variations  are  definite  or 
multifarious,  is  aside  from  the  issue.  They  are  as  definite  as  the  changes 
in  the  environment,  which  determine  and  control  their  existence.  More 
difierences  arise  than  can  persist,  but  this  does  not  prove  that  those  which 
are  lost  are  any  the  less  due  to  the  impinging  stimuli.  Those  who  write 
of  definite  variation,  usually  construe  the  result  or  outcome  of  some  par- 
ticular evolution  into  a  measure  of  the  variation  which  is  conceived  to 
have  tiiken  place  in  the  group.  Most  or  all  of  the  present  characters  of 
any  group  are  definite  because  they  are  the  survivals  in  a  process  of  elimi- 
nation ;  but  there  may  have  been,  at  various  times,  the  most  diverse  and 
diffuse  variations  in  the  very  group  which  is  now  marked  by  definite 
attributes.  As  the  lines  of  ascent  developed,  and  generation  followed 
generation  in  countless  number,  the  organization  was  more  and  more  im- 
pressed with  the  features  of  ancestral  characters,  and  these  ancestral 
characters  are  the  more  persistent  as  they  have  been  more  constant  in  the 
past.  But  these  characters,  which  appear  as  hereditary  or  atavistic  varia- 
tions in  succeeding  generations,  were  no  doubt  first,  at  least  in  the  plant 
creation,  the  ofispring,  for  the  most  part,  of  the  environment  reacting 
upon  the  organism.  As  life  has  ascended  in  the  time-scale  and  has  become 
increasingly  complex,  so  the  operation  of  any  incident  force  must  ever 
produce  more  diverse  and  unpredictable  results.  What  I  mean  to  say  is 
tiiat,  in  plants,  some  of  the  variations  seem  to  me  to  be  the  resultants  of 
a  long  line  of  previous  incident  impressions,  or  have  no  immediate  inci- 
ting cause.  Sucii  variation  is,  to  all  appearances,  fortuitous.  It  is,  there- 
fore, evident  that  the  study  of  the  effects  of  impinging  environmeuls  at 
the  present  day  may  not  directly  elucidate  the  changes  which  similar  con- 
ditions may  have  produced  in  the  beginning. 

Whilst  the  steadily  ascending  line  of  the  plant  creation  was  fitting 
itself  into  the  changing  mojds  of  the  external  world,  it  was  at  the  same 
time  developing  an  internal  power.  Plants  were  constantly  growing 
larger  and  stronger  or  more  specialized.  The  accumulation  of  vital  energy 
is  an  acquired  character  the  same  as  peculiarities  of  form  or  structure 
are.  It  is  the  accumulated  result  of  every  circumstance  which  has  con- 
tributed to  the  well-being  and  virility  of  the  organism.  The  gardener 
knows  that  he  can  cause  the  plant  to  store  up  energy  in  the  seed,  so  that 
the  resulting  crop  will  be  the  larger.  Growth  is  itself  but  the  expression 
or  result  of  this  energy  which  has  been  picked  up  by  the  way  through 
countless  ages.  Now,  mere  growth  is  variation.  It  results  in  difierences. 
Plants  cannot  grow  without  being  unlike.  The  more  luxuriant  the 
growth,  the  more  marked  the  variation.  Most  plants  have  acquired  or 
Inherited  more  growth-force  than  they  are  able  to  use  because  they  are 
held  down  to  certain  limitations  by  the  conditions  in  which  they  are  neces- 
sarily placed  by  the  struggle  for  existence.     I  am  convinced  that  many  of 
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the  members  of  plants  are  simply  outgrowths  resulting  from  this  growth- 
pressure,  or  as  Bower  significantly  speaks  of  them  (*'A  Theory  of  the 
Strobilus  in  Archegoniate  Plants,"  Annals  of  Botany,  viii,  358,  839), 
the  result  of  an  "eruptive  process."  The  pushing  out  of  shoots  from  any 
part  of  the  plant  body,  upon  occasion,  the  normal  production  of  adventi- 
tious plantlets  upon  the  stems  and  leaves  of  some  begonias  (especially 
Begonia phyllomaniaca),  bryophyllum,  some  ferns,  and  many  other  plants, 
are  all  expressions  of  the  growth-force  which  is  a  more  or  less  constant  in- 
ternal power.  This  growth- force  may  give  rise  to  more  definite  variations 
than  impinging  stimuli  do  ;  but  the  growth- force  runs  in  definite  direc- 
tions because  it,  in  its  turn,  is  the  survival  in  a  general  process  of  elimi- 
nation. Many  of  the  Qharacters  of  plants  which — for  lack  of  better  ex- 
planation— we  are  in  the  habit  of  calling  adaptive,  are  no  doubt  simply 
the  result  of  eruption  of  tissue.  Very  likely  some  of  the  compounding 
of  leaves,  the  pushing  out  of  some  kinds  of  prickles,  the  duplication  of 
floral  organs,  and  the  like,  are  examples  of  this  kind  of  variation.  We 
know  that  the  characters  of  the  external  bark  or  cortex  upon  old  tree 
trunks  are  the  result  of  the  internal  pressure  in  stretching  and  splitting 
it.  Tills  simply  shows  how  the  growth-force  may  originate  characters  of 
taxonomic  significance  when  it  is  expressed  as  mere  mechanical  power 
acting  upon  tissue  of  given  anatomical  structure.  This  power  of  growth 
is  competent,  I  think,  to  originate  many  and  important  variations  in 
plants.  I  suppose  my  conception  of  it  to  be  essentially  the  same  as  that 
of  the  bathmibm  of  Cope,  and  the  "  Theory  of  the  Organic  Growth  "  of 
Elmer. 

We  have  now  considered  two  general  types  of  forces  or  agencies  which 
start  ofiT  variations  in  plants — purely  external  stimuli,  and  the  internal 
acquired  energy  of  growth.  There  is  still  a  third  general  factor,  cross- 
ing, or,  as  Eimer  writes  it,  "sexual  mixing."  The  very  reason  for  the 
existence  of  sex,  as  we  now  understand  it,  is  to  originate  differences  by 
means  of  the  union  of  two  parents  into  one  ofifspring.  This  sexual  mix- 
ing cannot  be  considered  to  be  an  original  cause  of  unlikenesses,  however, 
since  sex  itself  was  at  first  a  variation  induced  by  environment  or  other 
agencies,  and  its  present  perfection,  in  higher  organisms,  is  the  result  of 
the  process  of  continuous  survival  in  a  conflict  of  differences. 

The  recent  rise  of  Lamarckian  views  seems  to  have  been  largely  the 
result  of  an  attempt  to  discover  the  vera  causa  of  variations.  Darwin's 
hypothesis  of  natural  selection  assumes  variability  without  inquiring  into 
its  cause,  and  writers  have  therefore  said  that  Darwin  did  not  attempt  to 
account  for  the  cause  of  variations.  Nothing  can  be  farther  from  his  views. 
Tet  some  of  our  most  recent  American  writings  upon  organic  evolution 
repeat  these  statements.  Cope,  in  his  always  admirable  Primary  Factort 
of  Organic  hvolution,  writes  that  "Darwin  only  dibcussed  variation  after 
it  came  into  being."  Yet  Darwin's  very  first  chapter  in  his  Origin  of 
Species  contains  adiscusbion  of  the  "Causes  of  Variability,"  and  the  same 
subject  is  gone  over  in  detail  in   Variation  of  Animals  and  Plants  Under 
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Domeitication,  Darwin  repeatedly  refers  the  cause  or  origin  of  varia- 
tion to  "changed  conditions  of  life,"  which  is  essentially  the  position 
maintained  by  the  Lamarckians,  and  be  as  strenuously  combats  those  who 
hold  that  definite  variation  is  an  Innate  attribute  of  life.  "  But  we  must, 
I  think,  conclude  .  .  .  ."  writes  Darwin  in  the  latter  book,  "that  organic 
beings,  when  subjected  during  several  generations  to  any  change  what- 
ever in  their  conditions,  tend  to  vary."  He  discussed,  at  length,  the  par- 
ticular agencies  which  he  considered  to  be  most  potent  in  inducing  varia- 
bility, and  enumerated,  amongst  other  factors,  tlie  kind  and  amount  of 
food,  climate  and  crossing.  "Changes  of  any  kind  in  the  conditions  of 
life,"  he  repeats,  "even  extremely  slight  changes,  often  suffice  to  cause 
variability.  Excess  of  nutriment  is  perliaps  the  most  efficient  single  ex- 
citing cause."  Cope,  in  his  discu«<bion  of  the  "Causes  of  Variation," 
starts  out  with  the  proposition  "to  cite  examples  of  tlie  direct  modifying 
effect  of  external  influences  on  the  characters  of  individual  animals  and 
plants  i"  and  he  closes  with  this  paragraph:  "I  trust  that  I  have  ad- 
duced evidence  to  show  that  the  stimuli  of  chemical  and  physical  forces, 
and  also  uiohir  motion  or  use  and  its  absence,  are  abundantly  sufficient 
to  produce  variations  of  all  kinds  in  organic  beings.  The  variations  may 
be  in  color,  proportions,  or  details  of  structure,  according  to  the  condi- 
tions which  are  present."  This  is,  in  great  part,  the  thesis  to  which 
Darwin  extended  the  proofs  of  a  most  laborious  collection  of  data  from 
gardeners  and  stock-breeders  and  from  feral  nature.  It  has  been  the 
great  misfortune  of  the  interpretation  of  Darwin's  writings  that  his  hy- 
pothesis of  natural  selection  has  so  completely  overtopped  everything 
else  in  the  reader's  mind  that  other  important  matters  have  been  over- 
looked. 

Whilst  the  one  central  truth  in  the  plant  creation  is  the  fact  that  differ- 
ences arise  as  a  result  of  variations  in  environment,  there  are  nevertheless 
many  exceptions  to  it.  There  are  various  types  of  differences  wliich  are 
merely  incidental  or  secondary  to  the  main  stem  of  adaptive  ascent.  Some 
of  these  are  such  as  arise  from  the  cessation  of  tlie  constructive  agencies, 
and  others  are  mere  correlatives  or  acccmipaniment  of  type  differences. 
As  an  example  of  the  former,  we  may  cite  the  behavior  of  the  potato. 
By  liigh  cultivation  and  careful  breeding,  the  plant  has  been  developed 
to  produce  enormous  crops  of  very  large  tubers,  so  heavy  a  crop  that  the 
plant  has  been  obliged  to  spare  some  of  its  energy  from  the  production  of 
pollen  and  berries  for  the  purpose  of  maintaining  the  subterranean  pro- 
duct. It  is  evident  that  this  high  state  of  amelioration  can  be  maintained 
only  by  means  of  high  cultivation.  The  moment  there  is  a  let-down  in 
the  factors  whicli  have  bred  and  maintained  the  plant,  there  is  a  tendency 
towards  a  breaking  up  and  disappearance  of  the  high  bred  type^  This  is 
an  illustration  of  the  phenomenon  of  panmixia,  as  outlined  by  Weismann. 
except  that  the  force  which  has  ceased  to  act  is  human  selection  rather 
than  natural  selection.  •*  This  suspension  of  the  preserving  influence  of 
natural  selection,"  Weismann  writes,   "may  be  termed  Panmixia."    In 


1«96.]  "*  IBailey. 

his  opinion,  "the  greater  number  of  those  variations  which  are  usually 
attributed  to  the  direct  influence  of  external  conditions  of  life,  are  to  be 
attributed  to  panmixia.    For  example,   the    great  variability  of  most 
domesticated  animals  and  plants  essentially  depends  upon  this  principle." 
In  other  words,  certain  diflferences  are  preserved  through  the  agency  of 
natural  selection,  and  certain  differences  are  lost ;  if  the  organism  is 
removed  from  this  restraining  and  directing  agency,  all  variations  have 
the  chance  of  asserting  themselves.     "All  individuals  can  reproduce 
themselves,"  Weismann  explains,  "and  thus  stamp  their  characters  upon 
the  species,  and  not  only  those  which  are  in  all  respects,  or  in  respect  to 
some  single  organ,  the  fittest."    I  am  convinced  that  this  term  expresses 
a  very  important  truth,  and  one  which,  as  Weismann  says,  is  particularly 
apparent  in  domestic  animals  and  plants  ;  but  panmixia  does  not  express 
an  incident  force.    If  new  differences  arise  in  consequence  of  the  cessation 
of  the  directive  agency  of  natural  selection,  it  is  because  they  were  first 
impressed  upon  the  organization  by  some  unaccountable  agency  ;  or,  if 
there  is  simply  a  falling  away  from  accumulated  characters,  the  residuary 
or  secondary  features  which  appear  are  probably  the  compound  and  often 
deteriorate<l  result  of  various  previous  incident  forces.    In  short,  panmixia 
is  a  name  for  a  class  of  phenomena,  and  it  cannot  be  considered  as  itself 
an  original  cause  of  variation.     It  is,  to  my  mind,  largely  the  unrestrained 
expression  or  unfolding  of  the  growth-force  consequent  upon  the  removal 
of  the  customary  pressure  under  which  the  plant  has  lived. 

3.    The  Survival  of  the  Unlike, 

The  one  note  of  the  modern  evolution  speculations  which  has  resounded 
to  the  remotest  corner  of  civilization,  and  which  is  the  chief  exponent  of 
current  speculation  respecting  the  origin  and  destiny  of  the  organic 
world,  is  Spencer's  phrase,  "the  survival  of  the  fittest."  This  epigram 
is  an  epitome  of  Darwin's  law  of  natural  selection,  or  "  the  preservation, 
during  the  battle  for  life,  of  varieties  which  possess  any  advantage  in 
structure,  constitution  or  instinct."  In  most  writings,  these  two  phrases 
— "natural  selection"  and  "the  survival  of  the  fittest" — are  used 
synonymously  ;  but  in  their  etymology  they  really  stand  to  each  other  in 
the  relation  of  process  and  result.  The  operation  of  natural  selection 
results  in  the  survival  of  the  fittest.  One  must  not  be  too  exact,  however, 
in  the  literal  application  of  such  summary  expressions  as  these.  Their 
particular  mission  is  to  afford  a  convenient  and  abbreviated  formula  for 
the  designation  of  important  principles,  for  use  in  common  writing  and 
speech,  and  not  to  express  a  literal  trutt),  Darwin  was  himself  well 
aware  of  the  danger  of  the  literal  interpretation  of  the  epigram  "  natural 
selection."  "The  term  'natural  selection,'  "  he  writes,  'Ms  in  some 
respects  a  bad  one,  as  it  seems  to  imply  conscious  choice  ;  but  this  will  be 
disregarded  after  a  little  familiarity."  This  technical  use  of  the  term 
•*  natural  selection  "  is  now  generally  accepted  unconsciously;  and  yet 
there  have  been  recent  revolts  against  it  upon  the  score  that  it  does  not 
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itself  express  a  literal  principle  or  truth.  If  we  accept  the  term  in  the 
sense  in  which  it  was  propounded  by  its  author,  we  are  equally  bound  to 
accept  "  survival  of  the  fittest"  as  a  synonymous  expression  because  its 
author  so  designed  it.  "By  natural  selection  or  survival  of  the  fittest," 
writes  Spencer,  *'by  the  preservation  in  successive  generations  of  those 
whose  moving  equilibria  happen  to  be  least  at  variance  with  the  require- 
ments, there  is  eventually  produced  a  changed  equilibrium  completely  in 
harmony  with  the  requirements." 

It  should  be  said  that  there  is  no  reason  other  than  usage  why  the  phrase 
"  survival  of  the  fittest "  should  not  apply  to  the  result  of  Lamarckian  or 
functional  evolution  as  well  as  of  Darwinian  or  selective  evolution.  It 
simply  expresses  a  fact  without  designating  the  cause  or  the  process. 
Cope  has  written  a  book  upon  the  "  Origin  of  the  Fittest,"  in  which  the 
argument  is  Lamarckian.  The  phrase  Implies  a  conflict,  and  the  loss  of 
certain  contestants  and  the  salvation  of  certain  others.  It  asserts  that  the 
contestants  or  characters  which  survive  are  the  fittest,  but  it  does  not 
explain  whether  they  are  fit  because  endowed  with  greater  strength, 
greater  prolificness,  completer  harmony  with  surroundings,  or  other 
attributes.  I  should  like  to  suggest,  therefore,  that  the  chiefest  merit  of 
the  survivors  is  unlikeness,  and  to  call  your  attention  for  a  few  minutes 
to  the  significance  of  the  phrase — which  I  have  used  in  my  teaching  dur- 
ing  the  last  year — the  survival  of  the  unlike. 

This  phrase — the  survival  of  the  unlike— expresses  no  new  truth,  but  I 
hope  that  it  may  present  the  old  truth  of  vicarious  or  non-designed  evolu- 
tion in  a  new  light.  It  defines  the  fittest  to  be  the  unlike.  You  will 
recall  that  in  this  paper  I  have  dwelt  upon  the  origin  and  progress  of  dif- 
ferences rather  than  of  definite  or  positive  characters.  I  am  so  fully  con- 
vinced that,  in  the  plant  creation,  a  new  character  is  usefhl  to  the  species 
because  it  is  unlike  its  kin,  that  the  study  of  difierence  between  individuals 
has  come  to  be,  for  me,  the  one  absorbing  and  controlling  thought  in  the 
contemplation  of  the  progress  of  life.  These  differences  arise  as  a  result 
of  every  impinging  force — soil,  weather,  climate,  food,  training,  conflict 
with  fellows,  the  strain  and  stress  of  wind  and  wave  and  insect  visitors — 
as  a  complex  resultant  of  many  antecedent  external  forces,  the  effects  bf 
crossing,  and  also  as  the  result  of  the  accumulated  force  of  mere  growth  ; 
they  are  indefinite,  non-designed,  an  expression  of  all  the  various 
influences  to  which  the  passive  vegetable  organism  is  or  has  been  exposed  ; 
those  diff^erences  which  are  most  unlike  their  fellows  or  their  parents  find 
the  places  of  least  confiict,  and  persist  because  they  thrive  best  and  there- 
by impress  themselves  best  upon  their  offspring.  Thereby  there  is  a  con- 
stant tendency  for  new  and  divergent  lines  to  strike  off*,  and  these  lines, 
as  they  become  accented,  develop  into  what  we,  for  convenience  sake, 
have  called  species.  There  are,  therefore,  as  many  species  as  there  are 
unlike  conditions  in  physical  and  environmental  nature,  and  in  propor- 
tion as  the  conditions  are  unlike  and  local  are  the  species  well  defined. 
But  to  nature,  perfect  adaptation  is  the  end  ;  she  knows  nothing,  per  h, 
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as  species  or  as  fixed  types.    Species  were  created  by  Johu  Ray,  not  by 
the  Lord  ;  tbey  were  named  by  Linnaeus,  not  by  Adam. 

I  must  now  hasten  to  anticipate  an  objection  to  my  phrase  which  may 
arise  in  your  minds.  I  have  said  that  when  characters  are  unlike  existing 
characters  they  stand  a  chance  of  persisting ;  but  I  do  not  desire  to  say 
that  they  are  useful  in  proportion  as  they  are  unlike  their  kin.  I  want  to 
express  my  conviction  that  mere  sports  are  rarely  useful.  These  are  no 
doubt  the  result  of  very  unusual  or  complex  stimuli,  or  of  unwonted 
refrangibility  of  the  energy  of  growth,  and  not  having  been  induced  by 
conditions  which  act  uniformly  over  a  course  of  time,  they  are  likely  to 
be  transient.  I  fully  accept  Cope's  remark  that  there  is  "no  ground  for 
believing  that  sports  have  any  considerable  influence  on  the  course  of 

evolution The  method  of  evolution  has  apparently  been  one  of 

Buccessioual  increment  and  decrement  of  parts  along  definite  lines." 
Amongst  domestic  animals  and  plants  the  selection  and  breeding  of  sports, 
or  very  unusual  and  marked  variations,  has  been  a  leading  cause  of  their 
strange  and  diverse  evolution.    In  fact,  it  is  in  this  particular  thing  that 
the  work  of  the  breeder  and  the  gardener  are  most  unlike  the  work  of 
nature.    But  in  feral  conditions,  the  sport  may  be  likened  to  an  attribute 
out  of  place  ;  and  I  imagine  that  its  chief  effect  upon  the  pbylogeny  of  a 
race^f  any  effect  it  have— is  in  giving  rise  in  its  turn  to  a  brood  of  less 
erratic  unlikenesses.    This  question  of  sports  has  its  psychological  signifi- 
cance, for  if  the  way  becomes  dark  the  wanderer  invokes  the  aid  of  this 
ignuB  fatuuM  to  cut  short  his  difficulties.    Sir  William  Thompson  supposes 
that  life  may  first  have  come  to  earth  by  way  of  some  meteor,  and  Brinton 
proposes  that  man  is  a  sport  from  some  of  the  lower  creation.   It  is  certainly 
a  strange  type  of  mind  which  ascribes  a  self-centred  and  self-sufficient 
power  to  the  tree  of  life,  and  then,  at  the  very  critical  points,  adopts  a 
wholly  extraneous  force  and  one  which  is  plainly  but  a  survival  of  the 
old  cataclysmic  type  of  mind  ;  and  it  is  the  stranger,  too,  because  such 
type  of  explanation  is  not  suggested  by  observation  or  experiment,  but 
simply  by  what  is  for  the  time  an  insuperable  barrier  of  ignorance  of 
natural  processes.    If  evolution  is  true  at  all,  there  is  reason  to  suppose 
that  it  extends  from  beginning  to  finish  of  creation,  and  the  stopping  of 
the  process  at  obscure  intervals  is  only  a  temporary  satisfaction  to  a  mind 
that  is  not  yet  fhlly  committed  to  the  eternal  truth  of  ascent.    The  tree  of 
life  has  no  doubt  grown  steadily  and  gradually,  and  the  same  forces, 
variously  modified  by  the  changing  physical  conditions  of  the  earth,  have 
run  on  with  slow  but  mighty  energy  until  the  present  time.    Any  radical 
change  in  the  plan  would  have  defeated  it,  and  any  mere  accidental  cir- 
caaiitance  is  too  trivial  to  be  considered  as  a  modifying  infiuence  of  the 
great  onward  movement  of  creation,  particularly  when  it  assumes  to 
account  for  the  appearing  of  the  very  capstone  of  the  whole  mighty 
structure. 

Bear  with  me  if  I  recite  a  few  specific  examples  of  the  survival  of  the 
unlike,  or  of  the  importance,  to  organic  types,  of  gradually  widening  dif- 
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ferences.  Illustrations  might  be  drawn  from  every  field  of  the  organic 
creation,  but  I  choose  a  few  from  plants  because  these  are  the  most 
neglected  and  I  am  most  familiar  with  them.  These  are  given  to  illus- 
trate how  important  external  stimuli  are  in  originating  variation,  and  how 
it  is  that  some  of  these  variations  persist. 

Let  me  begin  by  saying  that  a  good  gardener  loves  his  plants.  Now,  a 
good  gardener  is  one  who  grows  good  plants,  and  good  plants  are  very 
unlike  poor  plants.  They  are  unlike  because  the  gardener's  love  for 
them  has  made  them  so.  The  plants  were  all  alike  in  November ;  in 
January,  the  good  gardener's  plants  are  strong  and  clean,  with  large 
dense  leaves,  a  thick  stem,  and  an  abundance  of  perfect  flowers  ;  the  poor 
gardener's  plants  are  small  and  mean,  with  curled  leaves,  a  thin  hard 
stem,  and  a  few  imperfect  flowers.  You  will  not  believe  now  that  the 
two  lots  were  all  from  the  same  seed-pod  three  months  ago.  The  good 
gardener  likes  to  save  his  own  seeds  or  make  his  own  cuttings  ;  and  next 
year  his  plants  will  be  still  more  unlike  his  neighbor's.  The  neighbor 
tries  this  seed  and  that,  reads  this  bulletin  and  that,  but  all  avails  noth- 
ing simply  because  he  does  not  grow  good  plants.  He  does  not  care  for 
them  tenderly,  as  a  fond  mother  cares  for  a  child.  The  good  gardener 
knows  that  the  temperature  of  the  water  and  the  air,  the  currents  in  the 
atmosphere,  the  texture  of  the  soil,  and  all  the  little  amenities  and  com- 
forts which  plants  so  much  enjoy,  are  just  the  factors  which  make  his 
plants  successful  ;  and  a  good  crop  of  anything,  whether  wheat  or  beans 
or  apples,  is  simply  a  variation. 

And  do  these  unlikenesses  survive?  Yes,  verily  !  The  greater  part  of 
the  amelioration  of  cultivated  plants  has  come  about  in  just  this  way, — by 
gradual  modifications  in  the  conditions  in  which  they  are  grown,  by 
means  of  which  unlikenesses  arise  ;  and  then  by  the  selection  of  seeds 
from  the  most  coveted  plants.  Even  jit  the  present  day,  there  is  com- 
paratively little  plant-breeding.  The  cultivated  flora  has  come  up  with 
man,  and  if  it  has  departed  immensely  from  its  wild  prototypes,  so  has 
man.  The  greater  part  of  all  this  has  been  unconscious  and  unintended 
on  man's  part,  but  it  is  none  the  less  real. 

As  an  illustration  of  how  large  the  factors  of  undesigned  choice  and 
selection  are  in  the  amelioration  of  the  domestic  flora,  let  me  ask  vour 
attention  to  the  battle  of  the  seed-bags.  In  the  year  1890,  the  census 
records  show,  for  the  first  time,  the  number  of  acres  in  the  United  States 
devoted  to  the  growing  of  seed.  I  give  the  acreage  of  three  representa- 
tive crops,  and  these  figures  I  have  multiplied  by  the  average  seed-yields 
per  acre  in  order  to  arrive  at  an  approximate  estimate  of  the  entire  crop 
produced,  and  the  number  of  acres  which  the  crop  would  plant.  I  have 
used  low  averages  of  yields  in  order  to  be  on  the  safe  side,  and  I  have 
likewise  used  liberal  averages  of  the  quantity  of  seed  required  to  plant  an 
acre  when  making  up  the  last  column  : 
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Cabbage, 

Cucumber, 

Tomato, 


Acres. 

1,268 

10,219 

4,356 


AVQT&gO 

yieUl  per 
acre. 

200  lbs. 
120 
80 


*$ 


<< 


Appn)ximate 
crop. 

253,600  lbs. 
1,226.280 
"868,480 


<< 


(( 


Would  plant. 

1,014,400  acres. 

613,140      " 
1,473,920 


4€ 


The  last  column  in  this  table  has  particular  interest  because  it  shows 
the  enormous  acreage  which  these  seeds,  if  all  planted,  would  cover. 
We  are  now  curious  to  know  if  such  areas  really  are  planted  to  these 
species,  and  if  they  are  not,  it  will  be  pertinent  to  inquire  what  becomes 
of  the  seeds.  Unfortunately,  we  have  no  statistics  of  the  entire  acreages 
of  these  various  truck-garden  crops,  but  the  same  census  gives  the  statis- 
tics of  the  commercial  market  gardens  of  the  country.  Inquiry  of  seed- 
merchants  has  convinced  me  that  about  one-fourth  of  all  the  seeds  sold  in 
any  year  go  to  market  gardeners.  I  have  therefore  multiplied  the  census 
figures  of  market  gardens  by  four  for  the  purpose  of  arriving  at  an  esti- 
mate of  the  total  acreage  of  the  given  crops  in  the  United  States  ;  and  I 
have  introduced  the  last  column  from  the  above  table  for  purposes  of 
comparison  : 


Acreage  of  market 
^aniens. 

Cabbage,  77,094 
Cucumber,  4.72|i' 
Tomato,  22,802 


Probable 

total 
acrcaire. 

308,376 
18,884 
91,208 


There  are  see<ls  enough 

to  i»lHiit  Difference. 

1,014,400  acres.   706,024  acres. 

613,140  *'     594,256 
1,473,920  "    1,382,712 


<< 


<< 


It  will  thus  be  seen  that  there  are  enough  cabbage  seeds  raised  in  this 
country  each  year — if  the  census  year  is  a  fair  sample — to  plant  nearly 
three-quarters  of  a  million  acres  more  than  actually  are  planted;  about 
the  same  surplus  of  cucumber  seeds  ;  and  a  surplus  of  to'mato  seeds  suffi- 
cient to  plant  over  one  and  a  quarter  million  acres.  It  is  possible,  of 
course,  that  the  figures  of  actual  acreage  of  these  crops  are  too  low  ;  but 
such  error,  if  it  occur,  must  be  much  overbalanced  by  the  large  quanti- 
ties of  home-grown  and  imported  seeds  which  are  used  every  year.  These 
startling  figures  would  not  apply  so  well  to  many  other  crops  which  are 
detailed  in  the  census  bulletin.  For  instance,  the  peas  raised  in  this 
country  would  plant  only  about  46,000  acres,  whilst  there  are  over  100,000 
acres  actually  grown  ;  but  this  discrepancy  is  probably  accounted  for  by 
the  fact  that  the  larger  part  of  the  seed  peas  are  grown  in  Canada  and 
therefore  do  not  figure  in  our  census.  There  is  a  somewhat  similar  dis- 
crepancy in  the  watermelon,  but  in  this  crop  the  seeds  are  very  largely 
home-saved  by  the  heavy  planters  in  the  South  and  West.  I  do  not  give 
these  figures  for  their  value  as  statistics,  but  simply  for  the  purpose  of 
graphically  expressing  the  fact  that  many  more  seeds  are  raised  by  culti- 
vators each  average  year  than  are  ever  grown  into  plants,  and  that 
the  struggle  for  existence  does  not  necessarily  cease  when  plants  are  taken 
under  the  care  of  man. 
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What,  DOW,  becomes  of  this  enormous  surplus  of  seeds  ?  Let  us  take  a 
rough  suryey  of  the  entire  seed  crop  of  any  year.  In  the  first  place»  a 
certain  percentage  of  the  seeds  is  laid  aside  by  the  seedsman  as  a  surety 
against  failure  in  the  year  to  come.  Much  of  this  old  stock  never  finds  its 
way  into  the  market  and  is  finally  discarded.  We  will  estimate  this  ele- 
ment of  waste  as  twenty  per  cent.  Of  the  eighty  per  cent,  which  is 
actually  sold,  perhaps  another  ten  per  cent,  is  never  planted,  leaving 
about  seventy  per  cent,  which  finds  its  way  into  the  ground.  These  two 
items  of  loss  are  pure  waste  and  have  no  effect  upon  the  resulting  crop. 
Now,  of  the  seeds  which  are  planted,  not  more  than  seventy -five  percent, 
can  be  expected  to  germinate.  That  is,  there  is  certainly  an  average  loss  of 
twenty -five  per  cent,  in  nearly  all  seeds — and  much  more  in  some— due  to 
inherent  weakness,  and  seventy-five  per  cent,  represents  the  survival  in  a 
conflict  of  strength.  We  have  now  accounted  for  about  half  of  the  total 
seed  product  of  any  year.  The  remaining  half  produces  plants  ;  but  here 
the  most  important  part  of  the  conflict  begins.  In  the  crops  mentioned 
above,  much  less  than  half  of  the  seeds  which  are  grown  ever  appear  in 
the  form  of  a  crop.  We  must  remember,  moreover,  that  in  making  the 
estimate  of  the  number  of  acres  which  these  seeds  would  plant,  I  have 
used  the  customary  estimates  of  the  quantity  of  seeds  required  to  plant  an 
acre.  Now,  these  estimates  of  seedsmen  and  planters  are  always  very 
liberal.  Every  farmer  sows  from  flve  to  twenty  times  more  seeds  than  he 
needs.  Some  years  ago,  I  sowed  seeds  according  to  the  recommendation 
of  one  of  our  best  seedsmen,  and  I  found  tliat  peas  would  be  obliged  to 
stand  four-fifths  of  an  inch  apart,  beets  about  twenty  to  the  foot,  and  other 
vegetables  in  like  confusion.  I  suppose  that  of  all  the  seeds  which 
actually  come  up,  not  more  than  one  in  ten  or  a  dozen,  in  garden  vege- 
tables, ever  give  mature  plants.  What  becomes  of  the  remainder?  They 
are  thinned  out  for  the  good  of  those  which  are  left. 

This  simple  process  of  thinning  out  vegetables  has  had  a  most  powerful 
effect  upon  the  evolution  of  our  domestic  flora.  It  is  a  process  of  unde- 
signed selection.  This  selection  proceeds  upon  the  differences  in  the 
seedlings.  The  weak  individuals  are  disposed  of,  and  those  which  are 
strongest  and  most  unlike  the  general  run  are  preserved.  It  is  a  clear 
case  of  the  survival  of  the  unlike.  The  laborer  who  w^eeds  and  thins 
your  lettuce  bed  unconsciously  blocks  out  his  ideas  in  the  plants  which 
he  leaves.  But  all  this  is  a  struggle  of  Jew  against  Jew,  not  of  Jew 
against  Philistine.  It  is  a  conflict  within  the  species,  not  of  species 
against  species.  It  therefore  tends  to  destroy  the  solidarity  of  the  specific 
type,  and  heli)S  to  introduce  much  of  that  promiscuous  unlikeness  which 
is  the  distinguishing  characteristic  of  domestic  plants. 

Let  us  now  tninsfer  this  emphatic  example  to  wild  nature.  There  we 
shall  find  the  same  prodigal  production  of  sfeeds.  In  the  place  of  the 
gardener  undesignedly  moulding  the  lines  of  divergence,  we  find  the 
inexorable  physical  circumstances  into  which  the  plastic  organisms  must 
grow,  if  they  grow  at  all.     These  circumstances  are  very  often  the  direct 
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causes  of  the  unlikenesses  of  plants,  for  plants  'which  start  like  when  they 
germinate  may  be  very  unlike  when  they  die.  Given  time  and  constantly 
but  slowly  changing  conditions,  and  the  vegetable  creation  is  fashioned 
into  the  unlikenesses  which  we  now  behold.  With  this  conception,  let 
us  read  again  Francis  Parkman's  picturesque  description  of  the  forest  of 
Maine  in  his  HaJlf -Century  of  Conflict:  "For  untold  ages  Maine  had 
been  one  unbroken  forest,  and  it  was  so  still.  Only  along  the  rocky 
seaboard,  or  on  the  lower  waters  of  one  or  two  great  rivers  a  few 
rough  settlements  had  gnawed  slight  indentations  into  this  wilderness  of 
woods,  and  a  little  farther  inland  some  dismal  clearing  around  a  block- 
house or  stockade  let  in  the  sunlight  to  a  soil  that  had  lain  in  shadow 
time  out  of  mind.  This  waste  of  savage  vegetation  survives,  in  some 
part,  to  this  day,  with  the  same  prodigality  of  vital  force,  the  same 
struggle  for  existence  and  mutual  havoc  that  mark  all  organized  beings, 
from  men  to  mushrooms.  Young  seedlings  in  millions  spring  every  sum- 
mer from  the  black  mould,  rich  with  the  decay  of  those  that  had  preceded 
them,  crowding,  choking  and  killing  each  other,  perishing  by  their  very 
abundance  ;  all  but  a  scattered  few,  stronger  than  the  rest,  or  more  fortu- 
nate in  position,  which  survive  by  blighting  those  about  them.  They  in 
turn,  as  they  grow,  interlock  their  boughs,  and  repeat  in  a  season  or  two 
the  same  process  of  mutual  suffocation.  The  forest  is  full  of  lean  saplings 
dead  or  dying  with  vainly  stretching  towards  the  light.  Not  one  infant 
tree  in  a  thousand  lives  to  maturity  ;  yet  these  survivors  form  an  innumer- 
able host,  pressed  together  in  struggling  confusion,  squeezed  out  of  sym- 
metry and  robbed  of  normal  development,  as  men  are  said  to  be  in  the 
level  sameness  of  democratic  society.  Seen  from  above,  their  mingled 
tops  spread  in  a  sea  of  verdure  basking  in  light ;  seen  from  below,  all  is 
shadow,  through  which  spots  of  timid  sunshine  steal  down  among  legions 
of  dark,  mossy  trunks,  toadstools  and  rank  ferns,  protruding  roots,  matted 
bushes,  and  rotting  carcases  of  fallen  trees,  A  generation  ago  one  might 
find  here  and  there  the  rugged  trunk  of  some  great  pine  lifting  its  verdant 
spire  above  the  indistinguished  myriads  of  the  forest.  The  woods  of 
Maine  had  their  aristocracy ;  but  the  axe  of  the  woodman  has  laid  them 
low,  and  these  lords  of  the  wilderness  are  seen  no  more." 

In  such  bold  and  generalized  examples  as  this,  the  student  is  able  to 
discern  only  the  general  fact  of  progressive  divergency  and  general  adap- 
tation to  conditions,  without  being  able  to  discover  the  particular  direc- 
tive forces  which  have  been  at  the  bottom  of  the  evolution.  It  is  only 
when  one  considers  a  specific  example  that  he  can  arrive  at  any  just  con- 
clusions respecting  initial  causes  of  modification.  Of  adaptive  modifica- 
tions, two  general  classes  have  been  responsible  for  the  ascent  of  the  vege- 
table kingdom,  one  a  mere  moulding  or  shaping  into  the  passive  physical 
environments,  the  other  the  direct  result  of  stress  or  strain  imposed  upon 
the  organism  by  wind  and  water  and  by  the  necessities  of  a  radical  change 
of  habit  from  aquatic  to  terrestrial  life,  and  later  on  by  the  stimuli  of  in- 
sects upon  the  flowerb.    One  of  the  very  best  examples  of  the  mere  pas- 
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sive  ascent  is  afforded  by  the  evolution  of  the  root  as  a  feeding  organ  ; 
and  a  like  example  of  development  as  a  result  of  strain  is  afforded  by  the 
evolution  of  the  stem  and  vascular  or  fibrous  system.  Our  present  flora, 
like  our  present  fauna,  is  an  evolution  from  aquatic  life.  The  first  ses- 
sile or  stationary  plants  were  undoubtedly  stemless.  As  the  waters  in- 
creased in  depth  and  plants  were  driven  farther  and  farther  from  their 
starting  points  by  the  struggle  for  place  and  the  disseminating  influence 
of  winds  and  waves,  the  plant  body  became  more  and  more  elongated. 
Whilst  the  plant  undoubtedly  still  absorbed  food  throughout  its  entire 
periphery',  it  nevertheless  began  to  differentiate  into  organs.  The  area 
chiefly  concerned  in  food- gathering  became  broadened  into  a  thallus,  a  con- 
stricted or  stem-like  portion  tended  to  develop  below,  and  the  entire 
structure  anchored  itself  to  the  rock  by  a  hold-fast  or  grapple.  This  hold- 
fast or  so-called  root  of  most  of  our  present  sea-weeds  is  chiefly  a  means 
of  holding  the  plant  in  place,  and  it  probably  absorbs  very  little  food. 
As  plants  emerged  into  amphibian  life,  however,  the  foliar  portion  was 
less  and  less  thrown  into  contact  with  food,  and  there  was  more  and  more 
demand  upon  the  grapple  which  was  anchored  in  the  soil.  The  foliage 
gradually  developed  into  organs  for  absorbing  gaffes  and  the  root  was 
forced  to  absorb  the  liquids  which  the  plant  needed.  I  do  not  mean  to 
say  that  there  is  any  genetic  connection  between  the  sea- weeds  and  the 
higher  plants,  or  that  the  roots  of  the  two  are  homologous  ;  but  to  simply 
state  the  fact  that,  in  point  of  time,  the  hold-fast  root  developed  before 
the  feeding  root  did,  and  that  this  change  was  plainly  one  of  adaptation. 
Specialized  f(*-ms  of  llowering  i)lants,  which  inhabit  water,  still  show  a 
n)ot  system  which  is  little  more  than  an  anchor,  and  the  foliage  actively 
absorbs  water.  The  same  environmental  circumstances  are  thus  seen  to 
have  developed  organs  of  similar  physiological  character  in  widely  remote 
times  and  in  diverse  lines  of  the  plant  evolution.  "As  the  soil  slowly 
became  thicker  and  thicker,"  writes  King  in  his  book  upon  The  Soil,  **as 
its  water  holding  power  increased,  as  the  soluble  plant  food  became  more 
abundant,  and  as  the  winds  and  the  rains  covered  at  times  with  soil  por- 
tions of  the  purely  superficial  and  aerial  early  plants,  the  days  ot  sunshine 
between  ])a>sing  showers,  and  the  weeks  of  drought  intervening  between 
periods  of  rain,  became  the  occasions  for  utilizing  the  moisture  which  the 
soil  had  held  back  from  the  sea.  These  conditions,  coupled  with  the  uni- 
versal tendency  of  life  to  make  |he  most  of  its  surroundings,  appear  to 
have  induced  the  evolution  of  absorbing  elongations,  which,  by  slow  de- 
grees and  centuries  of  repetition,  came  to  be  the  true  roots  of  plants  as 
we  now  know  them."  Some  aquatic  flowering  plants  are,  as  we  have 
seen,  still  practically  rootless  and  they  absorb  the  greater  part  of  their 
food  directly  by  the  foliar  jmrts  ;  but  the  larger  number  of  the  higher 
plants  absorb  their  mineral  food  by  means  of  what  has  come  to  l)c  a  sub- 
terranean feeding  organ,  and  the  foliar  pans  have  developed  into  gas- 
absorbing  organs  and  they  take  in  water  only  when  forced  to  do  so  under 
stress  of  circumstances. 
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But  as  a  mere  feeding  organ,  the  root  requires  no  fibrous  structure.  It 
IS  still  a  hold-fast  or  grapple  and  its  mecbaDieal  tissue  has  developed 
enormously,  along  with  that  of  the  stem,  in  order  to  preserve  the  plant 
against  the  strain  of  the  moving  elements  and  to  maintain  its  erectness  in 
aerial  life.  When  this  self-poised  epoch  arrives,  the  vegetable  world  be- 
gins its  definite  and  steady  ascent  in  centrogenic  form.  Whilst  tbe  ani- 
mal creation  leaves  its  centrogenic  arrangement  early  in  its  own  time- 
scale,  the  plant  creation  assumes  such  arrangement  at  a  comparatively 
late  epoch  in  its  time-scale.    . 

Perhaps  the  best  illustration  which  I  can  bring  you  of  the  origin  of  the 
unlike  by  means  of  environmeDtal  conditions  and  the  survival  of  some 
of  this  unlikeness  in  the  battle  for  life,  is  the  development  of  the  winter 
quiescence  of  plants.  What  means  all  this  bursting  verdure  of  the  liquid 
April  days?  Why  this  annually  returning  miracle  of  the  sudden  expan- 
sion of  the  leaf  and  flower  from  the  lifeless  twigs  ?  Were  plants  always 
so?  Were  they  designed  to  pass  so  much  of  their  existence  in  the  quies- 
cent and  passive  condition  ?  No.  The  first  plants  had  no  well-defined 
cycles,  and  they  were  born  to  live,  not  to  die.  There  were  probably  no 
alternations  of  seasons  in  the  primordial  world.  Day  alternated  with 
night,  but  month  succeeded  month  in  almost  unbroken  sameness  age  after 
age.  As  late  as  the  Carboniferous  time,  according  to  Dana,  the  globe  *•  was 
nowhere  colder  than  the  modern  temperate  zone,  or  below  a  mean  tem- 
perature of  60^  F."  The  earth  had  become  wonderfully  diverse  by  the 
close  of  the  Cretaceous  time,  and  the  cycads  and  their  kin  retreated  from  the 
poles.  Plants  grew  the  year  round  ;  and  as  physical  conditions  became 
diverse  and  the  confiict  of  existence  increased,  the  older  and  the  weaker 
died.  So  a  limit  to  duration,  that  is,  death,  became  impressed  upon  the  indi- 
viduals of  the  creation  ;  for  death,  as  seen  by  the  evolutionist,  is  not  an 
original  property  of  life-matter,  but  is  an  acquired  character,  a  result  of 
the  survival  of  the  fittest.  The  earth  was  perhaps  ages  old,  even  after 
life  began,  before  it  ever  saw  a  natural  death  ;  but  without  death  all 
things  must  finally  have  come  to  a  standstill.  When  it  became  possible 
to  sweep  away  the  old  types,  opportunity  was  left  for  new  ones  ;  and  so 
the  ascent  must  continue  so  long  us  physical  conditions,  which  are  not 
absolutely  prohibitive  of  life,  shall  become  unlike. 

Species  have  acquired  dilTerent  degrees  of  longevity,  the  same  as  they 
have  acquired  diflferent  sizes  and  shapes  and  habits — by  adaptation  to  their 
conditions  of  life.  Annual  plants  comprise  about  half  of  the  vegetable 
kingdom,  and  these  are  probably  all  specializations  of  comparatively  late 
time.  Probably  the  greater  part  of  them  were  originally  adaptations  to 
shortening  periods  of  growth,  tliat  is,  to  seasonal  changes.  Tlie  gardener, 
by  forceful  cultivation  and  by  transferring  plants  towards  the  poles,  is 
able  to  make  annuals  of  perennials.  Now,  a  true  annual  is  a  plant  which 
normally  npens  its  seeds  and  dies  before  the  coming  of  frost.  3Iany  of 
our  garden  plants  are  annuals  only  because  they  are  killed  by  frost.  They 
naturally  have  a  longer  season  than  our  climate  will  admit,  and  some  of 
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them  are  true  pereonials  in  their  native  homes.  These  plants  are,  with 
us,  plur-annuals,  and  amongst  them  are  the  tomato,  red  pepper,  eggplant, 
potato,  castor  bean,  cotton,  Lima  bean  and  many  others.  But  there  are 
some  varieties  of  potatoes  and  other  plants  which  have  now  developed  into 
true  annuals,  normally  completing  their  entire  growth  before  the  approach 
of  frost.  It  is  all  the  result  of  adaptation  to  climate,  and  essentially  the 
same  phenomenon  is  the  development  of  the  annual  and  biennal  flora  of 
the  earth  from  the  perennial.  An  interesting  example  of  the  effect  of 
climate  upon  the  seasonal  duration  of  plants  is  the  indeterminate  or  pro- 
longed  growth  of  plants  in  England  as  compared  with  the  same  plantain 
America.  The  cooler  summer  and  very  gradual  approach  of  winter  in 
England  develop  a  late  and  indefinite  maturity  of  the  season's  growth. 
When  English  plants  are  grown  in  America,  they  usually  grow  until 
killed  by  fall  frosts  ;  but  after  a  few  generations  of  plants,  they  acquire 
the  quick  and  decisive  habit  of  ripening  which  is  so  characteristic  of  our 
vegetation.  I  once  made  an  extended  test  of  onions  from  English  and 
American  seeds  (Bull.  31,  Mich.  Agric.  College),  and  was  astonished  to 
find  that  nearly  all  of  the  English  varieties  continued  to  grow  until  frost 
and  failed  "to  bottom,"  whilst  our  domestic  varieties  ripened  up  in  ad- 
vance of  freezing  weather.  This  was  true  even  of  the  Yellow  Danvera 
and  Red  Wethersfield,  varieties  of  American  origin  and  which  could  not 
have  been  grown  very  many  years  in  England.  Every  horticulturist  of 
much  experience  must  have  noticed  similar  unmistakable  influences  of 
climate  upon  the  duration  of  plants. 

A  most  interesting  type  of  examples  of  the  quick  influence  of  climate 
upon  plants — not  only  upon  their  duration  but  upon  habit  and  structural 
characters— is  that  associated  with  the  growing  of  "stock  seed*'  by 
seedsmen.  Because  of  uncertainties  of  weather  in  the  Eastern  States,  it 
is  now  the  practice  to  grow  seeds  of  onions,  Lima  beans  and  other  plants 
in  California  or  other  warm  regions  ;  but  the  plants  so  readily  acquire  the 
habit  of  long-continuing  growth  as  to  be  tliereafter  grown  with  difliculty 
in  the  Northeastern  States.  It  is,  therefore,  necessary  that  the  seedsman 
shall  raise  his  stock  seed  every  year  in  his  own  geographical  region,  and 
this  seed  is  each  year  sent  to  California  for  the  growing  of  the  commer- 
cial seed  crop.  In  other  words,  the  seed  of  California-grown  onions  is 
sold  only  for  the  purpose  of  growing  onion  bulbs  for  market,  and  is  not 
planted  for  the  raising  of  a  successive  crop  of  seed.  This  results  in  grow- 
ing only  ti  single  generation  of  the  crop  in  the  warm  country.  Onion  seed 
from  stock  whicli  has  been  grown  in  California  for  several  years  pro- 
duces onions  which  do  not  "bottom"  well,  much  as  I  found  to  be  the 
case  with  the  English  onion  seed. 

Hut  many  plants,  in  geoloj^ic  time,  could  not  thus  shorten  up  their  life- 
history  to  adjust  themselves  to  the  oncoming  of  the  seasons.  They 
ceased  their  labors  with  the  approach  of  the  cold  or  the  dry, "tucked  up 
their  tender  tissues  in  buds  and  resigned  themselves  to  the  elements.  If 
a  man  could  have  stood  amonc^st  those  giant  mosses  and  fern  forests  of 


1896.1  107  ^Ba  cy. 

the  reeking  Carboniferous  time,  and  could  have  known  of  the  refrigera- 
tion which  the  earth  was  to  undergo,  he  would  have  exclaimed  that  all 
living  things  must  utterly  perish.  Consider  the  effects  of  a  frost  in  May. 
See  its  widespread  devastation.  Yet,  six  months  hence  the  very  same 
trees  which  are  now  so  blackened,  will  defy  any  degree  of  cold.  And 
then,  to  make  good  the  loss  of  time,  these  plants  start  into  activity  rela- 
tively much  earlier  in  spring  than  the  same  species  do  in  frostless  climates. 
This  very  day,  when  frosts  are  not  yet  passed,  our  own  New  York  hill- 
sides are  greener  with  surface  vegetation  than  the  lands  of  the  Gulf 
States  are,  which  have  been  frostless  for  two  months  and  more.  The 
frogs  and  turtles,  the  insects,  the  bears  and  foxes,  all  adjust  themselves 
to  a  climate  which  seems  to  be  absolutely  prohibitive  of  life,  and  some 
animals  may  actually  freeze  during  their  hibernation,  and  yet  these  April 
days  see  them  again  in  heyday  of  life  and  spirits !  What  a  wonderful 
transformation  is  all  this  !  This  enforced  period  of  quiescence  is  so  im- 
pressed upon  the  organization  that  the  habit  becomes  hereditary  in  plants, 
and  the  gardener  says  that  his  begonias  and  geraniums  and  callas  must 
have  a  "rest,"  or  they  will  not  thrive.  But  in  time  he  can  so  far  break 
this  habit  in  most  plants  as  to  force  them  into  activity  for  the  entire  year. 
These  budding  days  of  April,  therefore,  are  the  songs  of  release  from 
the  bondage  of  winter  which  has  come  on  as  the  earth  has  grown  aged 
and  cold. 

I  must  bring  still  one  more  illustration  of  the  survival  of  the  unlike, 
out  of  the  abundance  of  examples  which  might  be  cited.  It  is  the  fact 
that,  as  a  rule,  new  types  are  variable  and  old  types  are  inflexible.  The 
student  of  Ibssil  plants  will  recall  the  fact  that  the  liriodendrons,  gink- 
gos, sequoias,  sassafrasses  and  other  types  came  into  existence  with 
many  species  and  are  now  going  out  of  existence  with  one  or  two  species. 
Williams  has  considered  this  feature,  for  extinct  animal  forms,  at  some 
length  in  his  new  Geological  Biology.  *'Many  species,"  he  writes, 
"which  by  their  abundance  and  good  preservation  in  fossil  state  give 
us  sufficient  evidence  in  the  case,  exhibit  greater  plasticity  in  their  char- 
acters at  the  early  stage  than  in  later  stages  of  their  history.  A  minute 
tracing  of  lines  of  succession  of  species  shows  greater  plasticity  at  the 
beginning  of  the  series  than  later,  and  this  is  expressed,  in  the  systematic 
description  and  tabulation  of  the  facts,  by  an  increase  in  the  number  of 
the  species."  "When  species  are  studied  historically,  the  law  appears 
evident  that  the  characters  of  specific  value  ....  present  a  greater 
degree  ot*  range  of  variability  at  an  early  stage  in  the  life- period  of 
the  genus  than  in  the  later  stages  of  that  period."  So  marked  is  this 
incoming  of  new  types  in  many  cases  that  some  students  have  supposed 
that  actual  special  creation  of  species  has  occurred  at  these  epochs.  It 
should  be  said  that  there  is  apt  to  be  a  fallacy  in  observation  in  these 
instances,  because  the  records  which  are,  to  our  vision,  simultaneous  in  the 
rocks  may  have  extended  over  ages  of  time ;  but  it  is  nevertheless  true 
that  tome  important  groups  seem  to  have  come  in  somewhat  quickly  with 
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many  or  several  species  and  to  have  passed  out  with  exceeding  slow- 
ness. 

To  my  mind,  all  this  is  but  the  normal  result  of  the  divergence  of 
character,  or  the  survival  of  the  unlike.  A  new  type  finds  places  of  least 
conflict,  it  spreads  rapidly  and  widely,  and  thereby  varies  immensely.  It 
is  a  generalized  type,  and  therefore  adapts  itself  at  once  to  many  and 
changing  conditions.  A  virile  plant  is  introduced  into  a  country  in  which 
the  same  or  similar  plants  are  unknown,  and  immediately  it  finds  its 
opportunity  and  becomes  a  weed,  by  which  we  mean  that  it  spreads  and 
thrives  everywhere.  Darvvin  and  Gray  long  ago  elucidated  this  fact. 
The  Irilobites,  spirifers,  conifers,  ginkgos,  were  weed-types  of  their  time, 
the  same  as  the  composites  are  today.  They  were  stronger  than  their 
contemporaries,  the  same  as  our  own  weeds  are  stronger  than  the  culti- 
vated plants  with  which  they  grow.  After  a  time,  the  new  types  outran 
their  opportunity,  the  remorseless  struggle  for  existence  tightened  in  upon 
them,  the  intermediate  unlikenesses  had  been  blotted  out,  and  finally  only 
one  or  two  types  remained,  struggling  on  through  the  ages,  but  doomed 
to  perish  with  the  continuing  changes  of  the  earth.  They  became  spe- 
cialized and  inelastic  ;  and  the  highly  specialized  is  necessarily  doomed  to 
extinction.  Such  remnants  of  a  vanquished  host  remain  to  us  in  our 
single  liriodendron,  the  single  ginkgo  and  sassafras,  and  the  depleted 
ranks  of  the  conifers. 

My  attention  was  first  called  to  this  line  of  thought  by  contemplating 
upon  the  fact  that  cultivated  plants  difler  widely  in  variability,  and  I  was 
struck  by  the  fact  that  many  of  our  most  inextricably  variiible  groups — as 
the  cucurbits,  maize,  citrus  and  the  irrcat  tribes  of  composites — are  still 
unknown  in  a  fossil  state,  presumably  because  of  their  recent  origin. 
Many  other  variable  genera,  to  be  sure,  are  well  represented  in  fossil 
species,  as  roses  (although  these  are  as  late  as  the  Eocene),  pyrus,  pru- 
iius  and  niusa  ;  but  absolute  age  is  not  so  signitlcant  as  tbe  comparative 
age  of  the  type,  for  types  which  originated  very  far  back  may  be  yet  in 
the  comparative  youth  of  their  development.  The  summary  conclusions 
of  a  discussion  of  this  subject  were  presented  to  the  American  Associa- 
tion for  the  Advancement  of  Science  two  years  ago.*  A  modification  of 
these  points,  as  I  now  understand  them,  would  run  something  as  follows  : 

1.  Tliere  is  a  wide  ditference  in  variability  in  cultivated  plants.  Some 
species  vary  enormously,  and  others  very  little. 

2.  This  variability  is  not  correlated  with  age  of  cultivation,  degree  of 
cultivation,  or  geographical  distribution. 

3.  N'ariability  of  cultivated  plants  must  be  largely  infiuenced  and 
directed,  therefore,  by  some  antecedent  causes. 

4.  The  chief  antecedent  factor  in  directing  this  variability  is  probably 
the  age  of  the  type.  New^  types,  in  geologic  time,  are  polymorphous; 
old  types  are  monomorphous  and  are  tending  towards  extinction.  The 
most  flexible  types  of  cultivated  plants  are  such  as  have  probably  not  yet 
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passed  their  zenith,  as  the  cucurbits,  composites,  begonias  and  the  like. 
The  varieties  of  cereals,  which  are  old  types,  are  so  much  alike  that  expert 
knowledge  is  needed  to  distinguish  them. 

5.  New  types  are  more  variable  and  flexible  because  less  perfectly 
moulded  into  and  adjusted  to  the  circumstances  of  life  than  the  old  types 
are.  They  have  not  yet  reached  the  limits  of  their  dissemination  and 
variation.    They  are  generalized  forms. 

The  reader  will  please  observe  that  I  have  here  regarded  the  origin  and 
survival  of  the  unlike  in  the  plant  creation  in  the  sense  of  a  plastic 
material  which  is  acted  upon  by  every  external  stimulus  and  which  must 
necessarily  vary  from  the  very  force  of  its  acquired  power  of  growth,  and 
the  unlikenesses  are  preserved  because  they  are  unlike.  I  have  no  sym- 
pathy with  the  too  prevalent  idea  that  all  the  attributes  of  plants  are  direct 
adaptations  or  that  they  are  developed  as  mere  protections  from  environ- 
ment and  associates.  There  is  a  type  of  popular  writings  which  attempts 
to  evolve  many  of  the  forms  of  plants  as  a  mere  protection  from  assumed 
enemies.  Perhaps  the  plant  features  which  have  been  most  abused  in 
this  manner,  are  the  spines,  prickles  and  the  like,  and  the  presence  of 
acrid  or  poisonous  qualities.  As  a  sample  of  this  type  of  writing,  I  will 
make  an  extract  from  Massee's  Plant  }^orld  : 

"Amongst  the  most  prominent  and  general  modes  of  protection  of 
vegetative  parts  against  the  attacks  of  living  enemies  may  be  mentioned 
prickles,  as  in  roses  and  brambles,  which  may  either  be  straight,  and  thus 
prevent  the  nibblings  of  animals,  or,  in  more  advanced  species,  curved, 
thus  enabling  the  weak  stem  to  climb  and  carry  its  leaves  out  of  harm's 
way.  Spines,  that  are  sharp-pointed  abortive  branches,  serving  the  same 
purpose  as  prickles,  as  in  the  common  sloe  or  blackthorn  (Frunus  spinosa). 
Rigid  hairs  on  leases  and  stem,  as  in  the  borage  (Borago  officinalis),  and 
comfrey  (Symphytum  officinale).  Stinging  hairs,  as  in  the  common  net- 
tles (Urtica  dioica,  and  U.  urens).  In  these  cases  the  stinging  hairs  are 
mixed  on  the  leaves  and  stem  with  ordinary  rigid  hairs,  of  which  they 
are  higher  developments,  distinguished  by  the  lower  or  basal  swollen 
portion  of  the  hair  containing  an  irritating  liquid  that  is  ejected  when  the 
tip  of  the  hair  is  broken  oflf.  Bitter  taste,  often  accompanied  by  a  strong 
scent,  as  in  wormwood  (Artemisia  vulgaris),  chamomile  (Anthemis  nobilis), 
and  the  leaves  and  fruit  of  the  walnut  (Juglans  regia).  Poisonous  alka- 
loids, as  in  the  species  of  Strychnos,  which  contain  two  very  poisonous 
alkaloids,  strychnine  and  brucine,  in  the  root  and  the  seeds  ;  decoctions 
of  species  of  Strychnos  are  used  by  the  Javanese  and  the  natives  of  South 
America  to  poison  their  arrows.  Some  of  the  species,  as  Strychnos  nux- 
vomica,  are  valuable  medicines,  depending  on  the  strychnine  tliey  contain, 
which  acts  as  a  powerful  excitant  of  the  spinal  cord  and  nerves  ;  thus  the 
most  effective  protective  arrangements  evolved  by  plants  can  be  turned 
to  account,  and  consequently  lead  to  the  destruction  of  the  individuals 
they  were  designed  to  protect.  Our  common  arum  (Arum  maculatum), 
popularly  known  as   'Lords  and  Ladies,'    has  an  intensely  acrid  sub- 
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Stance  present  in  the  leaves,  which  effectually  protects  it  from  the  attacks 
of  mammals  and  caterpillars,  but  not  from  the  attacks  of  parasitic  fungi, 
which  appear  to  be  indifferent  to  all  protective  contrivances  exhibited  by 
plants,  nearly  every  plant  supporting  one  or  more  of  these  minute  pests, 
the  effects  of  which  will  be  realized  by  mentioning  the  potato  disease, 
'  rust '  and  '  smut '  in  the  various  cereals,  and  the  hop  disease,  all  due  to 
parasitic  fungi." 

Now,  this  is  merely  a  gratuitous  and  ad  eapiandrum  species  of  argu- 
ment, one  which  is  designed  to  please  the  fancy  and  to  satisfy  those  super- 
ficial spirits  who  are  still  determined  to  read  the  element  of  design  into 
organic  nature.  It  does  not  account  for  the  facts.  These  particular 
attributes  of  plants  are  specialized  features,  and  it  is  always  unsafe  to 
generalize  upon  specializations.  Each  and  every  one  of  such  specialized 
features  must  be  investigated  for  itself.  Probably  the  greater  number  of 
spinous  processes  will  be  found  to  be  the  residua  following  the  contraction 
of  the  plant  body  ;  others  are  no  doubt  mere  correlatives  of  the  evolution 
of  other  attributes  ;  and  some  may  be  the  eruptions  of  the  growth-force  ; 
and  the  acrid  and  poisonous  properties  are  quite  as  likely  to  be  wholly 
secondary  and  useless  features.  The  attempt  to  find  a  definite  immediate 
use  and  office  for  every  attribute  in  the  creation  is  superficial  and  per- 
nicious. There  are  many  attributes  of  organisms  which  are  not  only  use- 
less, but  positively  dangerous  to  the  possessor,  and  they  can  be  under- 
stood only  as  one  studies  them  in  connection  with  the  long  and  eventful 
history  of  the  line  of  ascent. 

The  thought  wliich  I  want  to  leave  with  you,  therefore,  is  that  unlike- 
nesses  are  the  greatest  facts  in  the  organic  creation.  These  unlikenesses 
in  plants  are  (1)  the  expressions  of  the  ever-changing  environmental 
conditions  in  which  plants  grow,  and  of  the  incidental  stimuli  to 
which  they  are  exposed  ;  (2)  the  result  of  the  force  of  mere  growth  ;  (3) 
the  outcome  of  sexual  mixing.  They  survive  because  they  are  unlike, 
and  thereby  enter  fields  of  least  competition.  The  possibility  of  the  entire 
tragic  evolution  lay  in  the  plasticity  of  the  original  life-plasma.  The 
plastic  creation  has  grown  into  its  own  needs  day  by  day  and  age  by  age, 
and  it  is  now  just  what  it  has  been  obliged  to  be.  It  could  have  been 
nothing  else. 

Keiiiarks  bv  Prof  L.- II.  Bailer. 

Prof.  Cope  has  given  us  three  general  proofs  or  series  of  proofs  of  evo- 
lution. In  the  first  place  he  says  there  is  variation  ;  in  the  second  place 
succession  ;  and  in  the  third  place  we  have  the  proof  of  embryology.  I 
might  subdivide  them  and  might  add  two  or  three  more  proofs  which 
appeal  to  me  with  particular  force.  It  seems  to  me  that  we  must  accept 
the  truth  of  evolution  on  the  mere  fact  that  the  earth  from  its  beginning 
has  undergone  wonderful  physical  changes,  affecting  the  organisms  living 
upon  it,  and  which  must  have  adapted  themselves  to  the  changes  by  them- 
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selyes  changiDg.  In  the  second  place,  we  know  that  tliere  must  be  an  in- 
tense struggle  for  existence  amongst  all  forms  of  life  ;  that  the  result  of 
this  struggle  for  existence  must  be  adaptation  to  the  organic  environment. 
Again,  another  line  of  proof  that  evolution  is  true  is  the  classiflcatory 
veriflcation.  The  very  fragment  of  the  tree  of  life  which  Prof.  Cope  has 
put  upon  the  board  is  an  evidence  that  there  are  converging  histories  of 
animals,  or,  in  other  words,  that  there  are  relationships.  But  the  proof 
which  appeals  to  me  most  strongly  is  the  fact  that  gardeners  and  breeders 
have  it  in  their  power  to  make  new  forms  and  that  they  have  been  making 
them  since  man  began  to  deal  with  plants  and  animals.  The  palseontolo- 
gical  and  embryological  records  do  not  appeal  to  me  with  such  force  as 
the  experiences  of  breeders  and  gardeners,  who  for  ages  have  been  modi- 
fying  plants  and  animals  almost  to  suit  their  will.  This,  of  course,  sug- 
gests that  I  am  not  skilled  in  the  sciences  of  palaeontology  and  embryology; 
but  have  given  more  attention  to  gardening. 

I  assume  that  you  all  believe  in  evolution.  Heredity  is  not  a  necessary 
attribute  of  the  theories  of  evolution.  It  is  a  matter  for  the  physiologists 
and  the  embryologists  to  discuss  rather  than  for  one  who  looks  broadly  at 
nature  and  tries  to  discover  some  of  the  general  and  fundamental  facts 
which  have  determined  the  onward  progress  of  creation.  I  wish  to  call 
your  attention  to  the  facts  of  the  origin  of  differences.  I  speak  of  differ- 
ences rather  than  of  variations. 


Dr.  D.  G.  Brinton  made  the  following  remarks : 

We  have  listened  with  interest  to  this  able  exposition  of  the  principles 
of  evolution  from  three  eminent  scholars  approaching  it  from  different 
points  of  view.  The  question  proposed,  however,  was  one  which  was 
intended  to  go  beyond  the  mere  facts  of  natural  science.  Facts  are  not 
factors.  The  word  means  something  more,  something  deeper.  When  we 
have  these  series  of  facts  laid  before  us,  however  interesting  they  may  be, 
they  do  not  themselves  express  the  primary  law  of  evolution,  but  are 
merely  a  number  of  incidents  illustrative  of  it  Therefore  I  think  that  the 
first  speaker  in  his  clear  descriptions  of  the  palseontologic  evolutionary 
claims  gave  us  little  information  as  to  the  factors  which  brought  them 
about 

We  shall  no  doubt  grant,  as  was  urged  by  the  second  speaker,  that 
there  are  extrinsic  and  intrinsic  factors  of  evolution  ;  but  what  he 
advanced  as  extrinsic  factors  were  again  series  of  external  facts,  and  his 
Intrinsic  factors  were  series  of  internal  facts  or  processes.  The  law  by 
▼irtue  of  which  they  acted  upon  organic  forms  so  as  to  produce  a  varying 
morphology  was  not,  it  seems  to  me,  definitely  stated. 

By  the  third  speaker  the  doctrine  of  evolution  has  been  put  forward  as 
a  sort  of  religious  dogma  of  the  scientific  church.  For  myself,  I  cannot 
look  upon  it  in  that  light.  I  believe  I  caught  his  words  correctly  when  I 
quote  him  as  saying  that  evolution  holds  good  "  from  beginning  to  finish 
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of  creation."  I  cannot  see  that  any  known  facts  justify  such  a  statement. 
Evolution  is  a  matter  of  the  past  not  of  the  future.  We  have  nothing  to 
do  with  the  "finish  of  creation/'  and  it  is  not  likely  that  we  know  any- 
thing about  it.  Such  a  dogma  has  no  place  in  scientific  bodies.  All  we 
know  is,  that  of  the  many  millions  of  organized  species  a  few  have  devel- 
oped into  higher  forms,  while  the  immense  majority  have  perished  utterly. 
We  have  no  guarantee  but  that  evolution  has  reached  its  acme  and  may 
cease  to-night.  Let  us  hold  it,  therefore,  as  a  fact  of  past  time,  not  as  a 
dogma  of  faith  regarding  the  future. 

Turning  now  to  the  question  of  the  evening.  What  are  the  ultimate 
factors  or  primary  causes,  so  far  as  we  can  trace  them,  which  have  IdAu- 
enced  and  do  influence  the  development  of  organic  forms?  For  an 
answer  I  turn  to  an  expression  once  used  by  my  teacher,  Prof.  James  D. 
Dana,  whose  name  is  a  household  word  to  every  man  of  science.  His  sug- 
gestive expression  was,  "The  whole  of  Nature  is  bound  in  a  straight- 
jacket  of  mathematics.''  It  means  that  we  must  go  back  to  the  purely 
mechanical  forces  of  the  universe,  if  we  would  find  the  primary  factors 
of  organic  variation.  The  last  speaker  well  said  that  mutability, 
change,  not  permanence,  is  the  law  of  organic  life.  He  developed  it 
admirably  in  his  references  to  the  like  and  the  unlike,  and  in  his  state- 
ment that  unlikeness  is  really  the  secret  of  advance.  This  theory,  as 
doubtless  some  will  remember,  was  that  brought  forward  with  force  and 
beauty  by  the  late  eminent  Dr.  Pasteur  in  his  remarkable  papers  on 
Asymmetry  as  the  source  of  change  in  both  the  organic  and  inorganic 
worlds.  Unquestionably  he  was  right.  Change  is  the  law  of  the  uui- 
verse.  It  is  no  new  perception  of  the  thinking  mind.  Ni^li  two  thou- 
sand years  ago  the  philosopher  Ileniclilus  of  Ephesus  laid  down  the 
principle,  "AH  is  flowing,"  ravra  //c.'.  Xo  two  organic  forms  are 
alike,  or  can  be  alike.  The  son  is  never  the  image  of  his  father; 
the  plant  never  finds  in  its  product  the  precise  reproduction  of  itself. 
You  remember  how  Leibnitz  amused  the  ladies  of  the  court  by  liaving 
them  try  to  find  two  leaves  of  an  oak  which  were  alike.  They  tried  in 
vain.  Never  anywhere  is  uniformity  or  identity  ;  everywhere  is  indefi- 
nite, infinite  variability. 

What  is  the  explanation  of  this? 

I  ask  your  attention  again  to  the  mechanical  principles  of  nature.  To 
them  alone  must  we  return  when  we  search  for  primary  agencies  of 
change.  All  organic  and  inorganic  substances  are  constantly  subject  to 
the  innumerable  Ibrces  which  play  upon  them  from  all  parts  of  the  uni- 
verse. Every  atom  of  earth  is  influenced  by  each  distant  star.  Con- 
stantly each  atom  is  bombarded  by  thousands,  by  millions  of  forces,  and 
its  changes  are  the  resultants  of  these. 

The  primary  laws  of  motion  with  which  we  are  familiar  in  the  Principia 
of  Newton  are  also  the  primary  causes  both  of  the  permanence  and  the 
variability  of  organic  forms.  His  first  law — that  motion  would  continue 
forever  in  the  same  direction  unless  interfered  with  by  other  motion  in 
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another  dlreclion — gives  us  the  stability  of  species,  the  potent  tendency 
of  the  individual  to  transmit  the  specific  characteristics,  the  maintenance 
of  traits  by  the  fcerminal  protoplasm,  as  brought  out  by  the  second 
speaker.     It  is  the  eonaltts  in  se  perseverare  of  Spinoza. 

Tlie  second  law  of  motion  is  the  basis  of  all  change  and  variation  It 
is,  as  doubtless  you  remember,  that  change  of  motion  is  proportional  to 
force  and  takes  place  in  the  line  of  the  force.  Infinite  forces  infinitely 
diflferent  in  power  are  forever  acting  on  every  atom,  and  its  changes  are 
the  resultants  of  them  all. 

These  ceaseless  changes  are  purely  mechanical,  and  mechanical  laws 
pn>dure  their  results  absolutely  without  regard  to  future  aims,  absolutely 
indifferent  to  the  quality  of  results,  whether  towards  evolution  or  degen- 
eration. For  that  reason.  I  repeat  that  any  dogmatic  assumption  of  evo- 
lution as  a  law  of  nature  is  unscientific.  Of  a  million  changes,  a  few  may 
act  in  so  strengthening  the  energy  of  the  primary  and  pern^anent  char- 
acters that  they  will  resist  the  deterrent  or  subversive  action  of  other 
forces  So  far  as  we  know,  this  is  mere  chance.  Purely  mechanical 
forces  decide  the  progress  of  a  species  or  its  extinction.  Beyond  such 
mechanical,  mathematical  laws,  natural  science  has  no  right  to  go. 

In  conclusion,  I  would  say  a  few  words  in  reference  to  ''sports,"  a 
topic  introduced  by  the  last  speaker.  These  sudden  and  extensive 
changes  received  the  careful  attention  of  Darwin,  who  in  his  work  on  the 
Domestication  of  AnimdU  and  Plants^  refers  to  it  by  the  term  "spontane- 
ous Tariation  ....''  He  pointed  out  that  in  some  cases  it  is  extraordi- 
narily great  and  also  permanent,  as  in  the  instance  of  the  niata  cattle  in 
La  Plata.  In  the  vegetable  world,  Mr.  Meehan  has  illubtrated  this  form 
of  change  by  numerous  and  striking  examples.  The  last  speaker  men- 
tioned that  the  lines  of  species  had  not  been  traced  through  sports.  I 
would  call  attention  to  the  obvious  fact  that  the  origin  of  what  are  called 
specific  peculiarities  from  a  sport  would  be  likely  to  cause  the  scientific 
investigator  to  lose  the  trail  at  that  point.  Darwin  says  that  nothing  but 
the  record  would  reconcile  us  to  believing  that  such  sports  as  some  he 
describes  issued  from  the  species  to  which  they  belong. 

How  unconsidered  then  is  the  remark  of  the  last  speaker  in  reference 
to  those  who  have  suggested  that  man  himself  may  have  owed  his  specific 
peculiarity  to  such  an  origin  !  There  is  nothing  impossible  in  this,  noth- 
ing incredible,  nothing  absurd.  When  our  ancestors  ascended  from  the 
plane  of  the  beast  to  that  of  reasoning  intelligence,  a  part  of  the  path 
may  have  been  won  by  one  of  those  bounds  which  have  been  called  salta- 
tory evolution.  There  is  nothing  in  this  contrary  to  either  theory  or 
observation.  It  is  supported  by  both  ;  and  having  once  gained  that 
higher  plane,  they  would  not  willingly  have  forfeited  its  advantages. 

Further  reintirks  bv  Prof.  Ti.  II.  Bailcv : 

Dr.  Brinton  has  quoted  me  as  saying,  "  From  beginning  to  finish  ot 
creation,  evolution  is  true."     He  quoted  me  crtrrectly.     That  is  my  own 
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conviction.  I  have  no  proof.  I  have  no  proof  that  the  sun  will  rise  to- 
morrow. But  the  greater  the  collection  of  facts  and  of  data  which  we 
make  respecting  the  evolution  of  the  world  in  the  past,  the  more  are  the 
changes  seen  to  be  continuous  and  gradual ;  and  it  seems  to  me  that  if 
evolution  has  taught  us  anything  It  has  been  to  show  that  tliere  is  a  law 
of  evolution,  continuous  throughout  time.  I  believe,  myself,  that  evolu- 
tion is  true  from  beginning  to  finish  of  creation  ;  and  if  we  could  not 
prophesy  that  our  race  has  nobler  possibilities  for  the  future  I  should  lose 
my  zest  to  live. 

Spontaneous  variations  are  not  necessarily  sports  in  the  sense  in  which 
I  refer  to  them.  Sports  are  those  forms  of  variation  which  appear  to  lie 
outside  the  general  or  customary  type  of  variation  of  the  species^or  phy- 
lum— with  which  we  are  dealing.  They  are  those  forms  which  are  so 
unusual  as  to  be  ordinarily  considered  to  be  a  t^xoiiomic  variety  or  divi- 
sion  or  subspecies.  The  causes  of  sports  are  unknown  to  us,  as  are  also 
the  causes  of  all  spontaneous  differences  which  may  be  of  much  less 
moment.  The  fact  that  Darwin  dwelt  upon  the  origin  of  sports  in  domes- 
tic animals  is  a  matter  which  I  discussed  in  my  paper  and,  I  believe,  it  is 
the  chief  line  of  effort  in  which  man's  work  diflTers  from  nature's — the  fact 
that  he  does  save  the  sports  and  breed  them  up.  I  have  oo  evidence 
that  nature  does  the  same  ;  and  so  far  as  the  plant  creation  is  concerned, 
I  am  more  and  more  convinced  that  sports  have  had  but  comparatively 
small  influence  upon  the  phylogeuies  of  our  present  types. 

I  wish  to  add  just  one  word  in  reference  to  a  matter  which  Prof.  Conk- 
lin  introduced.  He  took  issue  with  Prof.  Cope  with  respect  to  the  doc- 
trine of  natural  selection  and  the  notion  that  Darwin  did  not  attempt  to 
account  for  variation.  The  doctrine  of  natural  selection  itself  does  not  ac- 
count for  variation.  It  has  been  the  misfortune  of  Darwin's  writings  tliat 
his  doctrine  of  natural  selection  has  been  so  emphasized  as  to  overshadow 
everything  else  which  he  did.  Amongst  the  causes  of  variability  which 
Darwin  enumerates  are  external  stimuli,  soil,  weather,  food,  climate  and 
other  impinging  factors  ;  so  that  Darwin  conceived  the  idea  that  imping- 
ing stimuli  were  the  causes  of  variations  which,  when  they  have  arisen, 
have  been  bred  up  by  natural  selection. 
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(148);  Dr.  Aristides  Brezina  (145);  Prof.  Gustav  Tschermak, 
Vienna,  Austria  (142,  144);  Anthropologische  Gesellschaft, 
Prof.  Dr.  Reuleaux,  Berlin,  Prussia  (148) ;  Vogtlandische  Alter- 
tumsforschenden  Verein,  Hohenleuben,  Saxony  (148) ;  Dr.  O. 
Bohtlingk,  Prof.  I.  Victor  Carus,  Leipzig,  Saxony  (148);  K. 
Sternwarte  (148),  Dr.  Paul  Thyse,  Munich,  Bavaria  (147, 148) ; 
K.  Geodatische  Institut,  Potsdam,  Prussia  (148);  Institut  de 
France,  Dr.  E.  T.  Hamy,  Profs.  Gaston  Maspero,  Leon  de  Rosny, 
Paris,  France  (148) ;  Mr.  Samuel  Timmins,  Arley,  Coventry, 
Eng.  (148);  Profs.  C.  A.  M.  Fennell,  R.  T.  Glazebrook,  J.  P. 
Postgate,  Cambridge,  Eng.  (148) ;  Phil,  and  Lit.  Society,  Leeds, 
Eng.;  Royal  Society,  Victoria  Institute,  R.  Astronomical 
Society,  R.  Meteorological  Society,  R.  Geological  Society, 
Royal  Institution,  R.  Geographical  Society,  Society  of  Antiqua- 
ries, R.  Statistical  Society,  Sir  Henry  Bessemer,  Col.  William 
Ludlow,  Sir  James  Paget,  Prof.  W.  C.  Unwin,  London,  Eng. 
(148);  Geographical  Society,  Manchester,  Eng.  (148);  Lit. 
and  Phil.  Society,  New  Castle-on-Tyne,  Eng.  (148) ;  Radcliffe 
Observatory,  Prof.  James  Ligge,  Oxford,  Eng.  (148);  R. 
Geological  Society  of  Cornwall,  Penzance,  Eng.  (148) ;  Dr. 
Isaac  Roberts,  Starfield,  Crowborough,  Sussex,  Eng.  (148); 
Nat.  Hist,  and  Phil.  Society,  Belfast,  Ireland  (14b);  Royal 
Society,  Prof.  James  Geikie,  Edinburgh,  Scotland  (148); 
Society  of  Natural  History,  Portland,  Me.  (148,  149};  Mass. 
Agricultural  College,  Amherst  (149);  Prof.  Alpheus  Hyatt, 
Dr.  Justin  Winsor,  Cambridge,  Mass.  (149);  Amer.  Antiqua- 
rian Society,  Worcester,  Mass.  (149);  Amer.  Mathematical 
Society  (148),  Amer.  Institute  Electrical  Engineers,  New 
York,  N.  Y.  (149),  Prof.  Lyman  B.  Hall,  Haverford,  Pa. 
(149);  Prof.  John  F.  Carll,  Pleasantville,  Pa.  (149);  Philoso- 
phical  Society,  West  Chester,  Pa.  (148);  U.S.  Naval  Insti- 
tute, Annapolis,  Md.  (148,  140) ;  Maryland  Historical  Society, 
Baltimore  (149) ;  Smithsonian  Institution,  Washington,  D.  C. 
(144,  145,  146);  N.  C.  Experiment  Station,  Raleigh  (149); 
Ohio  State  Archtieol.  and  Hist.  Society,  Columbus  (149); 
Prof.  H.  T.  Eddy,  Minneapolis,  Minn.  (147-149);  Kansas  His- 
torical  Society,  Topeka  (149) ;  Observatorio  Astronomico  Mex- 
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icano,  Tambaya,  Mexico  (149);  Kt.  Rev.  Crescencio  Carrillo, 
Merida,  Yucatan  (149);  Soci^t^  Scientifique  du  Chili,  Santiago 
(141). 

Letters  of  acknowledgment  {Tran8a4:tions)  from  the  Museum 
of  Comparative  Zoology,  Cambridge,  Mass.;  Amer.  Antiqua- 
rian Society,  Worcester,  Mass.;  Yale  University,  New  Haven, 
Conn.;  The  BuflFalo  Library,  Bufl'alo,  N.  Y.;  Historical  Society, 
Astor  Library,  New  York,  N.  Y.;  U.  S.  Military  Academy, 
West  Point,  N.  Y.;  Haverford  College,  Haverford,  Pa.; 
Academy  Nat.  Sciences,  Historical  Society  of  Pennsylvania, 
Library  Company,  Philadelphia  (xviii,  3) ;  Johns  Hopkins 
University,  Baltimore,  Md.  (xvi,  2,  3 ;  xvii,  1,  2,  3 ;  xviii,  1, 
2,3). 

Accessions  to  the  Library  were  reported  from  the  Socidt^ 
des  Naturalistes,  Kieff,  Russia ;  Socidtd  des  Naturalistes,  Mos- 
cow, Russia ;  K.  Russische  Geog.  Gesellschaft,  Phys.  Central 
Observatoriums,  K.  Mineralogische  Gesellschaft,  St.  Peters- 
burg, Russia ;  Societas  pro  Fauna  et  Flora  Fennica,  Helsiugfors, 
Finland ;  I.  R.  Accad.  di  Scienze,  Lettere,  etc.,  Degli  Agratis 
Roveredo,  Austria ;  K.  P.  Meteorol.  Institut,  K.  Museums  fur 
Volkerkunde,  Gesellschaft  fiir  Anthropologic,  Ethnologic,  etc.; 
Prof.  A.  Bastian,  Berlin,  Prussia;  Direc^ao  Trabalhos  Geo- 
logicos  de  Portugal,  Lisboa ;  Institute  y  Observatorio  de 
Marina,  San  Fernando,  Spain ;  Bath  and  West  and  Southern 
Counties  Society,  Bath,  Eng.;  Royal  Observatory,  Green- 
wich, Eng.;  Literary  and  Philosophical  Society,  Liverpool, 
Eng.;  Literary  and  Philosophical  Society,  Manchester,  Eng.; 
Hon.  J.  M.  Lemoine,  Quebec,  Canada ;  Free  Library,  Boston, 
Mass.;  Zoological  Society,  Mr.  William  A.  Ingham,  Phil- 
adelphia ;  Chief  of  Engineers,  Committee  to  Establish  the  Uni- 
versity of  the  United  States,  Department  of  Labor,  Prof.  Alex- 
ander Graham  Bell,  Washington,  D.  C;  Missouri  Geological 
Survey,  JeflFerson  City  ;  University  of  Michigan,  Ann  Arbor  ; 
Agricultural  Experiment  Stations,  Lafayette,  Ind.;  Brookings, 
S.  Dak.;  Observatorio  Meteorol.,  Leon,  Mexico ;  Direccion 
General  de  Estadistica,  Guatemala,  C.  A.;  Museo  Biblioteca  de 
Filipinas,  Manilla. 
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Dr.  Morris,  of  the  Curators,  called  attention  to  photographs 
presented  by  Mrs.  Stevenson  of  the  relics  found  in  Egypt. 

Also,  on  behalf  of  Robert  Patterson  Field,  he  presented  a  por- 
trait in  oil  of  Dr.  Robert  M.  Patterson. 

The  Report  of  Council  was  read,  in  which  nominations  1382, 
1334,  1357,  were  recommended  to  be  postponed  for  written 
information. 

The  resolution  presented  at  the  meeting  of  March  20  was 
recommended  for  approval,  amended  to  read  as  follows : 

Resolved,  That  papers  by  ooo-members  presented  to  the  Society  shall 
be  read  by  title  only,  except  when  the  author  is  present  or  by  consent  of 
two-thirds  the  members  present. 

Prof.  A.  H.  Smyth  then  read  an  obituary  notice  of  Henry 
Phillips,  Jr. 

The  stated  business  being  the  election  of  members,  Secretary 
DuBois  and  Dr.  Hays  were  made  Tellers.  The  names  were 
read  and  spoken  to  and  the  ballots  cast. 

The  following  papers  were  then  read  by  title  and  referred 
to  the  Secretaries : 

"  Second  Contribution  to  the  History  of  the  Cotylosauria  "  by 
E.  D.  Cope ;  "  Sixth  Contribution  to  the  Knowledge  of  the 
Marine  Miocene  Fauna,"  by  E.  D.  Cope ;  "  On  Natural  Selec- 
tion and  Separation,"  by  Arnold  E.  Ortman ;  "  Notes  on  the 
Osteology  of  the  White  River  Horses,"  by  Marcus  S.  Farr. 

Dr.  Frazer  announced  that  Mr.  Barkley  had  brouojht  from 
New  York  specimens  of  results  of  color  photography  accord- 
ing to  the  system  of  Mr.  Joly,  and  had  placed  them  in  Mr. 
Sachse's  hands. 

Mr.  Sachse  then  explained  the  system  and  exhibited  the 
specimens. 

Dr.  Frazer  then  advocated  the  reproduction  in  facsimile  of 
our  signature  book  for  distribution  among  the  members,  and 
the  matter  was  referred  to  the  Secretaries  with  power  to  act. 

The  Tellers  reported  the  result  of  the  ballot,  and  the  follow- 
ing were  declared  elected  : 

2282.     Edward  S.  Dana,  New  Haven,  Conn. 
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2283.  C.  Hanford  Henderson,  Ph.D.,  Philadelphia.    * 

2284.  Chas.  Sedgwick  Minot,  Harvard  Univ.,  Mass. 

2285.  L.  H,  Bailey,  Ithaca,  N.  Y. 

2286.  Wm.  H.  Welch,  M.D.,  Baltimore,  Md. 

2287.  T.  Mitchell  Prudden,  M.D.,  New  York  City. 

2288.  John  Trowbridge,  Harvard  Univ.,  Mass. 

2289.  Nikola  Tesla,  New  York  City. 

2290.  Arthur  W.  Wright,  Ph.D.,  New  Haven,  Conn. 

2291.  Prof.  Henry  A.  Rowland,  Baltimore,  Md. 

2292.  Prof.  Arthur  W.  Goodspeed,  Philadelphia. 

2293.  Prof.  Michael  I.  Pupin,  New  York  City. 

2294.  Thos.  A.  Edison,  Orange,  N.  J. 

2295.  Edw.  C.  Pickering,  Cambridge,  Mass. 

2296.  Frank  H.  Cushing,  Washington,  D.  C. 


The  Joly  Procesi  of  Color  Photography, 

By  Julius  F,  Sachse, 

(Read  before  the  American  Philosophical  Society,  May  15,  1896.) 

I  have  the  honor  to  present  to  your  notice  this  evening,  by  courtesy 
of  Mr.  Richard  Barkley,  of  New  York,  a  series  of  specimens  illustra- 
ting the  so-called  "Joly  '*  process  of  color-photography. 

They  are  the  same  as  were  lately  shown  before  the  Royal  Society  of 
England,  and  excited  considerable  attention. 

This  process,  although  it  depends  upon  the  three  primary  color  sen- 
sations, differs  materially  from  all  others  thus  far  brought  to  the  notice 
of  the  public,  because  but  a  single  photographic  manipulation  is  required, 
and  no  apparatus  is  needed  other  than  such  as  is  used  in  ordinary 
every -day  photography. 

This  process  consists  in  making  a  negative  through  a  closely-lined 
screen,  ruled  in  three  colors,  viz.,  orange,  yellow-green  and  blue-violet. 
The  screens  used  in  the  specimens  here  shown  were  made  with  an  ordi- 
nary ruling  pen,  such  as  is  used  by  draughtsmen,  and  the  lines  number 
about  two  hundred  to  the  inch.  A  finer  ruling  in  the  future  will  make 
the  lines  which  we  now  see  in  the  specimens  before  us  less  prominent. 

It  will  be  noticed  that  Prof.  Joly,  in  his  "taking"  screen,  which  is 
here  before  you,  has  substituted,  for  the  usually  accepted  primary'  color 
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sensations,  red,  green,  blue,  the  colors  orange,  yellow-green  and  blue- 
violet.  Experience  has  taught  him  that  not  only  were  the  former  colors 
unsuitable  for  the  purpose,  but  that  to  reproduce  the  effect  of  natural 
colors,  a  somewhat  different  screen  must  be  used  over  the  resultant 
positive  image.  For  this  purpose  Prof.  Joly  rules  a  screen  in  pure  red, 
green  and  blue-violet.     This  he  calls  his  viewing  screen. 

[For  the  red-selecting  lines  of  the  "taking"  screen.  Prof.  Joly  uses 
a  spectrum  color,  such  as  that  to  be  found  at  one-sixth  of  the  distance 
from  the  line  D  to  the  line  C  ;  for  the  green-selecting  lines  he  uses  a 
color  corresponding  to  that  of  the  spectrum  at  about  one-third  of  the 
distance  from  the  E  line  to  the  D  line ;  and  for  the  blue-violet-selecting 
lines  he  uses  a  color  corresponding  to  the  spectrum  color  near  the  F  line, 
but  toward  the  G  line.  On  comparison  of  the  "taking"  screen  with 
the  spectrum,  these  colors  can  be  called  a  red-orange,  yellow-green,  and 
a  violet-blue.  For  the  colors  of  the  "viewing"  screen  he  uses  a  pure 
red  not  far  from  the  C  line  ;  a  green  near  the  E  line  ;  and  for  the  blue- 
violet  lines  he  takes  a  spectrum  color  between  G  and  H,  the  object 
being  in  the  "viewing"  screen  to  transmit  fundamental  color  sensa- 
tions only,  and  to  let  the  eye  do  its  own  mixing ;  the  eye  is  assisted  by 
the  depth  of  light  and  shade  in  the  linear  areas  of  the  positive ;  for 
instance,  if  the  full  amount  of  light  of  two  adjacent  red  and  green 
lines  be  transmitted,  the  eye  sees  a  yellow ;  if  now  some  of  the  green 
be  obstructed  or  shut  out  by  the  positive  over  it,  then  the  eye  will  see 
an  orange  ;  and  if,  on  the  otlier  hand,  some  red  be  shut  out  by  the  posi- 
tive, then  the  eye  sees  a  yellow-green,  and  it  is  easy  to  see  that  one  can 
run  all  the  colors  from  pure  red  to  pure  green  by  the  varying  amounts 
of  tlie  red  or  green  lines  shut  out  by  the  j)ositive.] 

The  tirst  specimen  we  have  here  is  a  negative  of  a  china  plate  and 
jug,  pli<)t()graj)hed  tlirougli  the  "taking"  screen. 

The  next  one  is  a  glass  positive  printed  in  contact  from  the  above 
negative.  It  will  be  noticed  that  neither  of  these  specimens  differ  from 
ordinary  photographic  results  except  that  lines  due  to  the  use  of  the 
screen  ar(^  somewliat  prominent. 

The  tliird  si>ecinien  is  a  positive  similar  to  the  one  just  shown,  placed 
in  register  with  a  "  viewing  "  screen  ;  and  by  holding  it  up  to  the  light, 
and  viewing  it  through  the  ruled  grating,  we  see  the  china  plate  and 
jug  in  the  bright  colors  of  tlie  original  objects. 

The  next  subject  is  a  male  portrait  from  life  ;  this  illustrates  the  pos- 
sibility of  the  i)rocess  in  its  application  to  professional  portraiture. 

We  now  have  a  jtortrait  of  an  "Irish  peasant  girl,"  not  from  life,  it 
is  true,  hut  from  a  water  color,  which  is  here  before  us.  The  specimen 
labeled  No  7  is  placed  in  contact  with  a  "viewing  "screen.  The  original 
is  here  otVered  for  comi)arison,  so  that  you  may  judge  of  the  fidelity  of 
the  rei)roduction  to  the  colors  of  the  original.  To  prove  the  correctness 
of  his  theory,  Prof.  .loly  here  jtresents  another  specimen  of  the  same 
sui)j<'Ct,  Xo.  12.     This  is  taken  and  phiced  in  contact  with  the  same 
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("taking")  screen.     The  great  difference  and  tlie  falsity  of  the  color 
rendering  will  at  once  be  noted  by  comparison  with  the  original. 

The  next  specimen  is  perhaps  the  most  interesting  one  of  all,  on 
account  of  being  an  almost  instantaneous  picture.*  It  represents  a 
military  band  in  the  Park  of  Trinity  College,  Dublin.  It  will  be  noted 
that  the  bright  reds  of  the  uniform  coats  are  exceptionally  well  ren- 
dered. Further,  this  example  indicates  a  possible  application  of  this 
method  of  color  reproduction  to  snap-shot  photography. 

I  now  wish  to  call  your  attention  to  an  interesting  feature  of  this 
process,  viz.,  the  necessity  for  having  the  photograph  and  screen  in 
exact  register,  and  viewing  it  in  a  normal  position.  Viewed  direct,  this 
transparency  shows  the  colors  of  nature  :  the  brilliant  red  hue  of  the 
coats  is  especially  noticeable.  Now  if  we  turn  the  transparency  so  as 
to  view  it  at  a  slight  angle,  we  at  once  note  a  change  of  the  colors,  and^ 
in  this  particular  instance,  an  apparent  change  of  the  nationality  of  the 
subjects :  in  place  of  English  soldiers  in  bright  red  coats,  we  see  a  body 
of  men  dressed  in  brilliant  green  :  in  short,  the  Englishman  appears  to 
have  been  turned  into  an  Irishman  of  the  most  pronounced  type. 

The  next  subject  is  a  perfect  representation  of  a  green  fluorescent 
bowl  made  of  uranium  glass. 

"We  now  come  to  another  interesting  specimen — a  photograph  of  a 
bunch  of  wall  flowers,  executed  in  two  color  sensations  only,  viz.,  the 
red  and  green  sensations.  This  picture  derives  an  additional  interest 
from  the  fact  that  it  was  made  by  Prof  Joly  at  the  request  of  Lord 
Kelvin,  to  show  the  effect  of  "violet  blindness,"  an  extremely  rare 
variety  of  color-blindness. 

I  now  present  to  your  notice  two  photographs  of  the  solar  spectrum 
from  nature — the  first  one  made  through  a  "taking"  screen,  and  seen 
through  a  "viewing"  screen,  which,  as  j'ou  will  perceive,  shows  some 
of  the  principal  lines ;  the  other  one,  both  taken  and  viewed  through 
the  "viewing"  screen,  shows  a  false  color  rendition.  The  yellow  pass- 
ing through  the  red  lines  only,  is  almost  entirely  represented  by  pure 
red.  The  incorrectness,  of  the  result  is  evident  on  comparing  it  with 
the  first  specimen  or  with  nature. 

I  now  come  to  the  commercial  part  of  this  process.  I  have  here  for 
your  inspection  a  specimen  of  three-color  printing  :  the  original  photo- 
graph consists  of  a  single  negative  ;  the  printing  was  done  from  three 
separate  half-tone  blocks  or  plates — red,  yellow  and  blue. 

This  result  is  obtained  by  making  three  positives  in  the  camera  from 
the  original  negative  in  the  following  manner :  A  special  screen  is  pre- 
pared with  black  lines  twice  the  width  of  those  upon  the  taking  screen, 
the  intervening  space  being  the  width  of  a  single  line.  This  screen, 
when  placed  in  register  with  the  original  negative,  it  will  be  observed, 
exposes  only  every  third  line  of  the  negative.  Now  it  will  be  c)bvioiis 
that  if  this  screen  be  moved  the  width  of  a  single  line  before  ejuli 

^Actual  time  about  three  aecftud». 


Cope.]  122  [May  15. 

exposure,  we  shall  obtain  three  positives,  each  showing  but  one-third 
of  the  original  negative,  and  at  the  same  time  representing  a  different 
color  sensation.  An  ordinary  half-tone  plate  is  now  made  from  each 
positive,  in  the  usual  manner,  and  then  printed  successively  in  yellow, 
red  and  blue  inks,  the  same  as  in  the  ordinary  chromo-typographic  or 
three-color  process. 

In  the  case  under  consideration  you  will  note  the  almost  perfect 
result,  without  the  presence  of  the  objectionable  mathematical  cross- 
line  hatch-work. 

This  latter  adaptation  of  the  Joly  process,  I  am  informed,  is  the  inven- 
tion of  two  young  men  in  this  country- ;  and  should  it  prove  practical 
and  give  certain  results,  it  will  without  doubt  be  a  great  step  forward 
in  chromo-typography,  and  also  have  commercial  value. 

It  is  a  curious  fact  that  the  foundations  of  the  interesting  processes  I 
have  described  are  based,  and  depend  for  their  ultimate  success,  upon 
the  niling  machine — an  invention  of  Joseph  Saxton.  a  former  member 
of  this  Society,  specimens  of  whose  early  photo-mechanical  reproduc- 
tions, made  in  1841,  are  still  in  our  possession. 

In  conclusion,  I  will  state  that  the  one  great  advantage  which  this 
process  seems  to  offer  over  other  schemes  in  heliochromy  or  the  three- 
color  process,  is  the  fact  that  but  a  single  negative  is  required,  which  is 
obtained  by  the  ordinary  methods  of  photography,  so  that  all  special  or 
intricate  apparatus,  with  uncertain  results,  are  obviated.  It  will  be 
further  noted  that  the  specimens  shown  here  to-night  are  among  the 
earliest  ones  made,  with  crude  appliances  as  to  the  ruling  of  the  screens 
and  the  pigments. 


»^icofi(f   Co  nf  rib  (ft  ion  fo  tht  Ilfntort/  of  iJn    ('<ttyloHauria.* 

By  E.  D.  Copr. 

{lit  1/(1  htfon    the  Aimricdii   PhiJosophieol  Society,  May  Jo,  ISOii.) 

The  cxaniinjitioii  of  new  uiatLTial  derived  from  the  Permian  formation 
of  Texas  enables  me  to  nuike  some  important  additions  to  the  knowledge 
of  the  C'otylosaurian  Hei)tilia.  as  set  forth  in  my  synopsis  publisfied  in 
these  Pko(kki)1N(;s  for  Xovember.  1^95  Cp.  487). 

In  the  first  place,  I  liave  t(>  describe  a  type  new  to  the  order,  and  which 
resembles  nothini:  liitherto  found  in  the  Permian  beds  of  North  America, 
or  api>arently  elsewhere.  It  nnist  be  referred  to  a  new  family  with  the 
followini:  name  and  characters. 

*  Read  befi»ro  the  V.  S.  Nulioiial  Academy  of  Scirncos   April.  \^M\. 
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OTOC(ELID.E. 

Posterior  border  of  temporal  roof  excavated  laterally  by  the  meatus 
auditorius  externus.  Teeth  present  in  a  single  row,  not  transversely 
expanded.  Ribs  immediately  overlaid  by  parallel  transverse  dermoossi- 
fications  which  form  a  carapace. 

In  the  presence  of  the  meatus  auditorius  this  family  differs  from  the 
other  members  of  the  Cotylosauria.  In  the  latter  the  vestibular  space  is 
enclosed  by  the  lateral  part  of  the  temporal  roof,  and  has  no  distal  inferior 
bounding  wall.  The  meatus  results  in  the  Otoca}lida3  not  merely  from 
the  excavation  of  this  roof  but  also  from  the  excavation  of  the  posterior 
border  of  the  suspensorium.  In  Conodectes  this  excavation  is  not  great, 
but  in  Otocoelus  it  is  very  considerable,  the  proximal  extremity  of  the 
suspensorium  having  the  anterior  position  seen  in  the  Loricata  and  Tes- 
tudinata.  It  resembles  the  quadrate  of  the  latter  order  in  th^decurva- 
ture  of  the  proximal  extremity  into  a  descending  hook,  which  partially 
bounds  the  meatus  posteriorly. 

This  meatal  excavation  constitutes  an  approximation  in  the  Cotylo- 
«auria  to  other  and  later  orders  of  Reptilia,  where  it  is  nearly  universal. 
It  is  interesting  to  observe  that  it  precedes  in  time  the  division  of  the 
roof  into  longitudinal  bars  by  perforation,  in  the  series  of  which  the 
OtoccelidjB  form  a  part.  This  fact  renders  it  probable  that  it  is  from  this 
family  that  the  order  of  the  Testudinata  has  descended.  It  may  also  be 
found  that  the  Pseudosuchia  have  the  same  origin.  The  carapace  of  the 
Otocoelidffi  approaches  nearly  that  of  the  genus  Typothorax*  Cope,  of 
the  Trias ;  where  each  rib  is  expanded,  and  bears  above  it  a  distinct 
dermosseous  band  of  equal  width,  with  a  sculptured  surface.  This 
^enus  probably  belongs  to  the  Pseudosuchia,  whose  type  genus  Aetosau- 
rus  Fraas,  has  a  carapace  consisting  of  transverse  bands  of  osseous 
plates  in  mutual  contact.  The  transverse  segmentation  of  the  carapa- 
cial  bands  of  Qtoccelus  would  produce  such  a  structure.  The  same  char- 
acter is  found  in  the  genua  Episcoposaurus  Cope  of  the  Trias,  where  the 
•cranium  is  unknown.  A  reduction  of  the  number  of  the  transverse 
bands  of  the  Otocoelidae  would  approximate  the  carapace  to  that  of  the 
Testudinata.  The  arrangement  of  the  clavicles  and  episternum  is  quite 
like  that  of  the  corresponding  elements  in  the  anterior  lobe  of  the  plas- 
tron in  the  tortoises.  The  median  and  posterior  part  of  the  abdominal 
^•all  of  the  OtocoelidflB  is  unknown.     The  teeth  are  quite  insignificant, 

♦  In  the  lart  edition  of  Dana's  Geology,  1896,  p.  758,  it  Is  inaccurately  rtatod  that  "A 
large  Crocodilian  of  the  genus  Belodon  has  bet^n  described  by  Cope  ....  under  the 
Dame  of  Typolhoraz  cocdnarum."  The  fact  is,  that  two  animaU  were  included  in  the 
description,  which  I  afterwards  determim^d  to  \}e]imn  to  difTerent  genera.  The  one  for 
which  I  reserved  the  name  Typothorax  does  not  belong  to  the  genus  Belodon.  See  I*ror. 
Amer,  PhUoi.  Soc.,  1887,  p.  200.  Plate  I,  where  the  genus  and  species  are  defined.  Recently 
Manh  ban  described  {Amer.  Joum.  Sci.  Arts,  July.  WjCt,  p.  Gl)  the  ca>il  of  a  similar  rep- 
tile fiom  the  Trias  of  Connecticut,  to  which  he  Kives  the  name  Sltgvintu  araiatua.  1I<- 
doet  not  distinguish  the  supposed  new  ^enus  Stegomus  from  Typothrirax. 
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and  their  loss  would  bring  us  again  to  the  Testudinata  type.     Their 
implantation  in  deep  alveoli  is  reptilian  in  character. 

I  have  pointed  out  that  the  notch  in  the  posterior  border  of  the  cranial 
table  in  the  stegocephalous  Batrachia  was  probably  covered  by  a  mem- 
branuni  tympani,  since  the  stapes  terminates  there.  This  notch  is  the 
first  appearance  of  a  meatus  auditorius  in  the  Vertebrata,  and  it  is  not 
present  in  all  Stegocephalia.  It  seems  that  the  members  of  the  Cotylo- 
sauria  ditfer  among  themselves  similarly,  some  presenting  the  meatus, 
and  others  lacking  it.  In  Conodectes  the  character  approaches  that  of 
the  Stegocephalia  more  nearly  than  it  does  in  Otocoelus. 

In  the  American  Naturalist  for  1885,  p.  247,  I  published  the  conclu- 
sion that  the  Testudinata  were  descended  from  the  Theromora.  In  my 
svstem  at  that  time  the  Theromora  included  the  Cotvlosauria.  In  1893 
{Trans.  A/ner.  Philos.  Soc,  p.  24),  I  distinguished  the  Cotylosauria  as 
the  primitive  source  of  the  Testudinata.  The  discovery  of  the  Otoca^lidoe 
renders  it  almost  certain  that  this  anticipation  was  correct. 

In  this  family  the  slight  posterior  concavity  of  the  quadrate  region  of 
the  Diadectidte  is  extended  forwards  to  a  great  distance,  and  the  osseous 
tympanum  is  produced  further  outwards.  The  position  of  the  parts  is 
different  from  that  which  is  characteristic  of  the  Stegocephalia,  where 
the  tympanic  notch,  when  present,  is  superior,  owing  to  the  much  greater 
length  of  the  suspensorium.  The  dental  characters  also  distinguish  this 
familv  from  the  Diadectida\  Xo  ossicula  auditus  were  found  in  the  tvm- 
panic  cavity. 

Two  genera  of  tliis  tamily  arc  known,  and  arc  cliaractcrizcd  as  follows: 

Mandible  articulated  niucli  anterior  to  cranial  border;  nostrils  opening 
vert  ically OtocoJus  C'oj^e. 

Mandible  articulated  posteriorly  and  on  line  of  posterior  border  of 
sknll  ;  nostrils  openinir  horizontally Co/nnhrlts  Cope. 

Two  species  of  Otoco'lus  and  one  of  Conodectes  are  known  iVoni  the 
Permian  bed. 

()T(M(Ki.rs  TKSTrDiNKi  s.  ^{t/it /'.  ydt (irolisf.  IHIM).  l]\Y.). 

('fmr.  i/i/t. — Teeth  with  sinii>le  suln-onie  crowns.  ^landibular  ramus 
not  pro(luee(l  jxjsterior  to  ((uadrate.  Suj^-rior  cranial  bones  strongly 
s(iili>ture(l. 

Thi>  irenus  is  established  on  a  skull  from  which  the  muzzle  anterior 
to  the  orbits  has  been  broken  otf.  On  its  under  si(b\  pushed  forwards 
out  of  i>lace,  are  a  considerable  part  ol"  the  shoulder-irirdle,  the  head  of 
the  humerus  and  a  bone  of  the  torearni.  On  another  block,  which  was 
found  with  it.  is  a  i>art  ot' the  (•arai)a(e.  two  verlebne,  numerous  ribs 
and  both  hind  leirs.  lacking  the  tarsus  and  digits.  The  legs  and  vertebne 
were  not  found  atla(lie<l  to  the  foreleg  and  the  skull,  but  the  actual  con- 
tact of  the  corrc-^pondinL:;  part>  is  found  in  the  ty])e  >pe(inien  of  another 
.species,  the  0.  luimt  tirtiK. 
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There  is  considerable  resemblance  between  sevenil  parts  of  this  animal 
and  those  of  the  stegocephalian  Batrachia.  This  is  seen  in  the  forms  of 
the  femur  and  of  the  shoulder-girdle,  which  are  similar  to  those  which  I 
have  referred  to  Eryops.  The  close  approximation  of  the  huge  auricular 
meatus  to  the  orbit  is  only  seen  elsewhere  in  the  anurous  Batrachia. 
The  teeth  on  the  other  hand  are  of  strictly  reptilian  type  in  their  mode 
of  implantation,  and  the  lack  of  dentinal  inflections  distinguishes  them 
from  those  of  many  of  the  genera  of  Stegocephalia.  There  is  nothing 
in  the  shoulder-girdle  to  distinguish  it  from  the  Cotylosauria,  and  the 
humerus  so  far  as  preserved  is  of  the  type  of  that  order.  It  is  impossible 
to  get  at  the  occipital  condyles  without  destroying  important  parts  of 
the  specimen.     The  vertebr®  are  amphicoelous. 

It  is  probable  that  in  life  the  species  of  this  genus  had  an  enormous 
tympanic  drum. 

The  tabular  part  of  the  skull  is  large  as  compared  with  the  facial  part. 
Its  posterior  border  is  broken  in  the  0.  testudineus,  but  it  is  continued  to 
a  transverse  line  posterior  to  the  auditory  meatus.  It  was  not  probably 
produced  into  horn-like  processes.  The  suspensorial  part  of  the  quad- 
rate is  directed  posteriorly  below.  The  mandibular  ramus  has  a  hori- 
zontal expansion  of  the  inner  side  just  anterior  to  the  short  angle. 

The  clavicles  have  the  distal  expansion  overlapping  the  episternum 
characteristic  of  the  order.  The  shaft  makes  an  obtuse  angle  with  the 
expanded  portion,  and  is  compressed.  Its  proximal  extremity  is  ex- 
panded into  a  rounded  disc,  whose  plane  is  horizontal  and  at  right  angles 
to  that  of  the  shaft.  Between  the  shaft  and  the  mandibular  angle  the 
edge  of  the  pterygoid  is  visible.  The  episternum  has  the  posterior  part 
broken  off*.  The  part  preserved  is  a  transverse  plate,  which  has,  like  the 
clavicles,  a  smooth  surface.  The  scapula  lacks  the  proximal  end.  Dis- 
tally  it  presents  a  strong  longitudinal  ridge  which  extends  to  the  cora- 
coid.  Anteriorly  the  shaft  expands  into  a  procoracoid  laminar  exten- 
sion in  its  plane.  The  coracoid  is  small  and  has  a  convex  internal  bor- 
der, which  is  not  notched  as  in  the  Pelvcosauria.  It  mav  be  coossified 
with  the  scapula.  The  humerus  has  a  greatly  expanded  head  and  a 
narrow  shaft. 

The  femur  is  longer  than  the  tibia,  and  displays  the  condyles  charac- 
teristic of  the  Cotylosauria  and  Pelycosauria.  They  are  unequally  pro- 
duced posteriorly.     There  is  a  long  and  strong  anterior  crest. 

Two  vertebral  centra  are  only  moderately  well  preserved.  They  are 
probably  anterior  dorsals.  They  are  wider  than  long  and  are  separated 
by  a  large  and  protuberant  interccntrum.  A  free  intercentrum  of  the 
same  shape  lies  at  one  side.  It  is  probable  that  a  rather  short  neural 
spine  rises  to  the  inferior  side  of  the  carapace.  Only  Uie  part  next  the 
carapace  can  be  seen  in  the  specimen. 

The  ribs  are  much  expanded,  but  do  not  touch  each  other.  The  cara- 
pacial  bands  alternate  with  them  above,  resting  on  their  adjacent 
edges    and  separated  by   narrow  interspaces.     Towards  the  supposed 
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anterior  part,  the  superior  costal  surfaces  rise  between  the  carapacial 
bands  to  the  plane  of  the  latter,  forming  a  closer  surface  than  poste- 
rioriy. 

This  genus  forms  a  remarkable  example  of  homoplastic  resemblance 
to  the  rhachitomous  genus  Dissorhophus,  which  I  described  in  the 
American  Naturalist  for  November,  1895.  The  superficial  resemblance 
is  very  great,  and  it  is  only  after  an  examination  of  the  constitution  of 
the  carapace  that  the  difference  of  this  part  of  the  structure  in  the  two 
genera  is  observed.  In  the  batrachian  genus  the  ribs  are  free  fh)m  and 
not  in  contact  with  the  carapace,  and  the  inferior  stratum  of  the  latter 
consists  of  the  expanded  neural  spines.     (See  Plate  X.) 

CJiar.  specif. — Muzzle  very  short  and  broadly  rounded.  Top  of  head 
between  and  posterior  to  orbits  flat.  Orbits  directed  principally  up- 
wards. Intertympanic  width  2.5  times  interorbital  width.  Table  of 
skull  posterior  to  orbits  about  as  long  as  wide.  Postorbital  width 
(longitudinal)  half  as  great  as  interorbital  width,  which  is  equal  trans- 
verse diameter  of  orbit.  Long  diameter  of  orbit  obliquely  directed  out- 
wards and  forwards.  Malar  bar  narrow.  Quadratojugal  surface  pos- 
teriorly overhanging  border  of  mandible  a  little,  and  these  contracted 
to  an  apex  overhanging  angle  of  mandible  posteriorly.  Mandibular 
angle  undivided.  The  superior  surfaces  of  the  skull  have  a  strongly 
impressed  honeycomb  sculpture,  the  ridges  between  the  pits  being  fre- 
quently interrupted.  The  sculpture  extends  to  the  inferior  border  of  the 
mandibh\  The  pits  average  2  mm.  in  diameter.  The  sculpture  is 
present  on  the  external  surface  of  the  posttympanic  hook,  where  the  de- 
curved  border  is  concave.  The  median  parts  of  the  frontal  and  parie- 
tal l)<)n<'S  are  smooth,  but  whether  this  is  normal  or  is  the  result  of 
weathcrinir  I  do  not  know. 

Tho  mandibular  ramus  presents,  a  short  distance  anterior  to  the  angle, 
a  horizontal  expansion  with  convex  border  directed  inwards  and  in  con- 
tact with  the  pterygoid. 

The  crowns  of  the  teeth  are  acute  and  smooth.  They  overlap  the 
edire  of  the  lower  jaw  and  are  separated  by  interspac(*s  equal  to  their 
own  diameter.     They  are  of  quite  small  size. 

The  articular  face  of  the  humerus  extends  downwards  on  the  inner 
border  of  the  head  ;  perhai>s  it  is  restricted  to  this  part  of  the  latter. 
The  section  of  the  shaft  is  semicircular. 

The  fraiznicnt  which  contains  the  vertel)ra\  hind  leg  and  canipace, 
docs  not  form  a  fit  with  any  fractured  face  of  the  mass  containing  the 
skull.  As,  however,  evervtliin«r  about  the  two  blocks  is  harmonious, 
and  as  they  were  found  close  together,  I  have  no  doubt  of  their  perti- 
nence to  the  same  skeleton.  The  second  ))lock  is  split  longitudinally,  so 
that  only  one-half  of  the  carapace  is  i)reserve(l  ;  but  at  the  supposed 
proximal  end  enough  of  the  middle  portion  remains  to  include  the  two 
vertebra-  already  described.  A  portion  of  one  hind  leg.  including  the 
distal  part  ot  the  femur  w  ith  the  tibia  and  libnla.  lie  over  the  carapace 
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externally,  while  the  three  principal  elements  of  the  other  leg  lie  on  the 
inferior  side  of  the  carapace.  Both  legs  are  extended  in  the  same  direc- 
tion, i.  e.,  forwards. 

The  shaft  of  the  femur  has  a  triangular  section,  the  external  face  con- 
cave owing  to  the  prominence  of  the  anterior  crest.  The  external  con- 
dyle is  produced  further  posteriorly  than  the  internal,  and  is  a  continu- 
ation of  the  general  distal  surface  and  is  not  reflected  on  the  posterior 
face  as  in  so  many  of  the  Pelycosauria.  The  anterior  face  is  flat  above 
and  shallowly  concave  at  the  condylar  border  below.  The  head  of  the 
tibia  is  expanded  and  the  shaft  narrowed,  as  in  Pelycosauria.  It  is 
straight,  while  the  flbula  presents  towards  it  a  concave  outline  ;  and  the 
two  extremities  of  the  latter  are  about  equally  expanded. 

The  surfaces  of  the  vertebral  centra  are  slightly  concave  anteroposte- 
riorly.  The  intercentra  are  somewhat  swollen  and  knob-like  on  the  in- 
ferior face.  It  is  probable  that  the  ribs  are  less  closely  adherent  to  the 
carapacial  bars  posteriorly  than  anteriorly.  As  already  remarked,  ante- 
riorly the  ribs  emerge  between  the  bars  to  form  part  of  the  surface ; 
medially  the  ribs  are  below  the  bars  but  touch  them.  Further  poste- 
riorly a  cross  section  displays  a  rib  which  does  not  touch  a  bar,  except 
perhaps  at  the  extremity,  as  the  curvature  would  indicate  ;  but  this  part 
is  broken  oflT.  The  superior  surfaces  of  the  carapacial  elements  are  of 
dense  bone  marked  with  coarse  and  fine  fossae  and  intervening  ele- 
vations irregularly  distributed. 

The  size  of  this  animal  is  about  that  of  the  adult  of  the  larger  Japanese 
salamander,  Megalobatrachus. 

Jfeasureinents. 

MM. 

Width  of  skull  between  meatus  auditorius 75 

orbits 31 

"         *'      **  "         orbit  and  meatus 15 

"        *•  orbit,  transversely 27 

Length  of  skull  above  posterior  to  orbits 65 

Depth  of  malar  bone  at  middle  of  ori)it 12 

'*  mandible      "       "       "        •     14 

Length  of  tooth  exterior  to  alveolus 3 

"  clavicle  (chord) 78 

r  proximal 22 

Widths  of  clavicle  <  median 4 

(  distal 21 

Transverse  diameters  humerus  \  ^^^\ 'j 

(  shaft .) 

Length  of  femur 07 

Anteroposterior  diameter  of  femur  5  ,/**  „       ^ I' 

^  ^distally 20 

Length  of  tibia 51 
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Measurements. 

Long  diameter  of  head  of  do 17 

"  distal  end  of  do 13 

Lensrth  across  ends  of  six  ribs 75 

of  part  of  carapace  preserved 105 

Width  of  a  posterior  carapacial  bar 10 

•*  an  anterior         **  "    8 

T^.        .  4.  .1       (anteroposterior 8 

Diameters  ol  a  vertebra  <  * 

c  transverse 1(> 

Diameters  of  intcrcentrum  \  ""teroposterior 0 

/transverse 12 

Otoccklus  mimeticus,  sp.  nov. 

This  species  is  represented  hy  a  skull  with  lower  jaw  in  place,  which 
is  connected  by  a  band  of  matrix  to  a  carapace,  and  some  of  the  bones 
of  one  of  the  limbs.  Greater  and  smaller  parts  of  thirteen  bands  of  the 
carapace  are  preserved. 

The  skull  is  short  and  wide.  The  superior  surface  is  nearly  flat  from 
the  posterior  border  to  between  the  nostrils.  The  muzzle  does  not  pro- 
ject beyond  the  mouth  border.  Tlie  orbits  and  nostrils  are  not  superior 
in  direction,  althoujrh  the  superior  orbital  border  is  excavated.  The 
nostrils  are  directed  forwards  and  a  little  laterally  ;  they  are  separated  by 
a  space  <'([ual  to  the  transverse  diunH'tcrof  each.  Tlie  auricular  meatus  is 
larii^'Miid  is  directed  out  wards  and  not  ni)\v;inls.  Tlic  posterior  hooks  of 
tlie  (|ua<lrat('  pnjjcci  on  each  side  lu'vond  the  sliirhtly  concavt?  ]>osterior 
border  of  the  cranial  table.  Interorbital  reirion  Hat.  considerably 
wi<ler  tiiaii  liie  diameter  of  the  ori>it. 

The  carapace  coniinences  at  a  point  about  as  far  posterior  to  the  skull 
as  the  ixxterioi*  border  of  the  latter  is  behind  the  orl)its.  The  anterior 
band  has  an  obtuse  anterior  border  like  that  of  the  anterior  border  ot  the 
carapace  of  an  armadillo.  The  bands  are  ijentlv  convex  from  side  to 
side,  and  they  become  narrower  ant<-roi)osteriorly  ;»s  we  i)ass  backwards. 
The  state  of  the  s|)ecinien  is  such  that  neither  ribs  nor  vetebra*  can  be 
discovered. 

As  compared  with  the  0.  tt  stmUm  hh  the  follow  inir  dilVerences  appear. 
The  tfible  of  the  skull  jtrojects  beyond  the  posterior  hook  ot  the  (quadrate 
in  the  tormer  ;  not  so  tar  in  the  latter.  The  auricidar  meatus  and  orbit 
present  more  laterallv  in  the  0.  //tt/n((irif}<,  more  verticallv  in  the  0.  tis- 
/uiJi/ii  'fa.     The  size  of  the  two  species  is  not  very  diderent. 

MmsK  ft  nn  iiti<. 

MM. 

Lenjxth  of  skull  on  middle  line .120 

Width     *'       "     at  posterior  border  of  orbits 90 

between  orbits 38 

nostrils 22 


»  ft  ft  »  ft  ft 


ftt  tft  44  t« 
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Mennurements. 

MM. 

Length  of  skull  (median)  to  anterior  border  of  orbits  . .  78 

Distance  from  skull  to  carapace 65 

Length  of  thirteen  carapacial  bands 155 

Anteroposterior  diameter  of  first  band 17 

"seventh  band 12 

The  species  is  named  to  express  the  superficial  resemblance  to  the 
DUsorhophus  articulatus. 

CoNODECTES  FAV08U8,  gen.  et  sp.  nov. 

Char.  gen. — Quadrate  bone  extending  posteriorly  so  that  the  mandi- 
bular articulation  is  opposite  the  posterior  border  of  the  cranial  table. 
Meatus  auditorius  small,  connected  with  a  meatal  notch.  Xostrils 
directed  upwards  and  a  little  outwards.  Teeth  conic,  acute,-  increasing  in 
length  to  the  middle  of  the  maxillarj'  region. 

This  genus  is  of  much  interest,  as  it  displays  the  character  of  the 
famil}'  in  a  less  pronounced  degree  than  the  genus  Octoccelus,  and  thus 
approximates  more  nearh^  the  other  forms  of  Cotylosauria.  Its  structure 
illustrates  how  the  meatus  auditorius  has  arisen  by  the  emargination  and 
excavation  of  the  posterior  part  of  the  cranijil  roof  of  the  Cotylosauria. 
In  the  other  families  the  access  of  the  internal  ear  to  the  external 
median  is  closed  by  the  thin  temporal  roof. 

Cliar.  specif. — Established  on  a  cranium  with  lower  jaw  in  i)lace, 
which  lacks  the  left  half  posterior  to  the  orbit,  and  a  i)iece  from  the 
middle  of  the  right  side.  Both  nostrils  and  a  part  of  the  border  of  the 
left  orbit  are  preserved,  togeth(?r  with  the  teeth  as  far  posteriorly  as  the 
orbit,  the  premaxillaries  imperfect h'.  A  large  part  of  the  palate  is  pre- 
served. The  teeth  preserved  show  that  the  premaxillary  teeth  are  small 
as  in  i]iQ  Isodectes  megalops,  and  that  they  increase  in  length  posteriori}'. 
The  maxillopalatines  are  excavated  on  the  median  line  so  as  to  present 
two  parallel  ridges  which  continue  as  far  as  the  posterior  border  of  the 
internal  nares.  These  ridges  probably  continue  on  the  palatine  bone 
and  they  support  each  a  tooth  near  the  posterior  extremity.  In  Isodectes 
megalops  the  palatines  support  numerous  small  teeth  on  their  inner 
borders.  I  find  no  trace  of  the  interior  rows  of  maxillarv  and  mandi- 
bular  teeth  which  are  characteristic  of  the  Pariotichidje.  Some  such 
teeth  may,  however,  have  existed,  as  a  portion  of  the  maxillary  bone  is 
wanting  from  both  sides  of  the  skull. 

This  species  is  seven  or  eight  times  the  linear  dimensions  of  the 
Isodectes  megalops,  and  a  little  smaller  than  the  Otocotlus  testudintus. 
The  skull  is  as  wide  posteriorly  as  it  is  long,  and  is  rather  depressed,  so 
that  the  orbits  and  nares  have  a  vertical  as  well  as  a  lateral  presentation. 
The  muzzle  is  flat  and  projects  beyond  the  lower  jaw,  and  it  is  rounded 
in  outline,  and  not  narrowed  and  portubenint  as  in  most  of  the  species 
of  Pariotichus.     The  internareal  and   interorbital  regions  are  flat.     The 
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narrower  brain  case  is  continued  between  the  orbits,  and  its  lateral 
walls  are  robust.  The  palatine  bones  extend  from  the  maxillaries,  and 
approximate  each  other  nearly  on  the  median  line,  where  they  are 
separated  medially  by  a  groove,  which  becomes  wider  posteriorly.  No 
teeth  can  be  discerned  in  the  specimen,  excepting  the  large  anterior  one 
already  mentioned.  Tlie  surface  of  the  bone  is,  however,  not  in  good 
condition.  The  plate  of  the  pterygoid  extends  to  the  jiigal  on  each  side, 
and  its  posterior  border  is  but  little  deflected,  and  is  at  right  angles  to 
the  long  axis  of  the  skull,  with  indications  of  teeth.  The  posterior 
branch  of  the  pterygoid  is  slender.  The  occipital  region  is  injured.  The 
superior  surface  of  the  skull  is  sculptured,  on  the  posterior  frontal  region 
in  a  coarse  honeycomb  pattern,  the  ridges  occasionally  forming  small 
tubercles. 

The  teeth  are  conic,  acute,  and  with  a  round  section.  In  this  respect 
they  differ  from  those  of  most  of  the  species  of  Pariotichus,  where  the 
crowns  are  obtuse.  They  are  rather  closely  placed,  and  they  increase 
in  length  to  below  the  anterior  border  of  the  orbit.  Their  character 
posterior  to  this  point  cannot  be  ascertained.  The  single,  large  palatine 
tooth  is  similar  to  the  maxillaries  in  form,  and  equals  in  dimensions  the 
maxillary  tooth  which  is  below  the  posterior  border  of  the  nostril.  The 
posterior  border  of  the  internal  nostril  marks  a  point  half  way  between 
the  posterior  border  of  the  anterior  nostril  and  the  anterior  border  of 
the  orbit. 

Mci(AK}'(mCfifS.  MM. 

Total  Icnirth  of  skull 158 

Width  posteriorly 152 

Width  between  nostrils 20 

Lenirth  from  end  of  muzzle  to  posterior  border  of  i)teryiroid 

l>late 10:^ 

Width  betwei-n  summits  of  ridges  of  vomer 10 

Lenirth   from  posterior  border  ot  nostril   to  anterior  border 

of  orbit 41 

Lenirth  of  lonirest  maxillarv  tooth 10 

Diameter  of  lonirest  maxillary  tooth  at  base 3.5 

A  part  of  the  muzzle  of  a  second  individual  was  found  at  the  same 
loealit  V. 

DIADKCTID.E. 

1  am  now  able  to  make  some  additions  to  tlie  faniilv  of  the  Diadeeti- 
(I.e.  I  omitted  al>o  in  mv  recent  >vnop>is*  of  the  !Z<Mera  to  inchKloTthe 
irenus  Phanero>aurus  Von  Mever,  fronj  the  Permian  of  Gi'mianv,  which 
1    ha<l    previou>ly  referred  to  this    family.!     A  revision  of  the  si»ecies 

*  /Vo«'.  Aincr.  P/iilo''.  S^r.,  l**l»5,  December,  j>.  441. 
t  Transac.  Amtr.  Philoi^.  S4,c.,  lb'J2.  p.  i:>. 
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indicates  a  somewhat  different  generic  reference  to  that  which  I  have 
hitherto  adopted,  as  the  generic  characters  have  only  now  become  clear 
to  me.  The  following  are  the  generic  characters  as  I  now  understand 
them : 

I.  Posterior  maxillary  teeth  transverse,  depressed,  molariform,  the 
heel  (external  above,  internal  below)  broad  and  flat. 

Skull  without  dermal  or  osseous  sutures .Empedias  Cope. 

II.  Posterior  maxillary  teeth  compressed,  transverse,  with  non-molari- 
form  edge  or  apex,  except  on  wear. 

a  Teeth  with  an  external  heel,  besides  the  apical  cusp. 
Cranial  bones  codssifled  ;  dermal  scuta  few  or  none Diadectes  Cope. 

aa  Teeth  with  a  cusp  only. 

Adult  cranium  sutureless Bolbodon  Cope. 

Cranium  with  osseous  but  no  dermal  sutures Phanerosaums  V.  M. 

Cranium  with  both  osseous  and  dermal  sutures Chilonyx  Cope. 

The  species  of  these  genera  are  the  following  : 

Empedias  fissus  Cope. 

"         molaris  Cope. 
Diadectes  sideropelieus  Cope. 

phaseolinus  Cope. 

latihueeatus  Cope. 

hieulminatus  Cope. 
Bolbodon  tenuitectus  Cope. 
Phanerosaums  naumannii  Von  Meyer. 

"  pugnax  Gein.  u.  Deichm. 

Chilonyx  rapidens  Cope. 

The  above  species  are  from  the  Permian  bed  of  Texas,  excepting  the 
two  species  of  Phanerosaums,  which  are  from  the  corresponding  horizon 
in  Germany.  This  genus  displays  the  hyposphen-hypantrum  articula- 
tion in  a  less  perfect  degree  than  it  appears  in  the  American  genera 
where  it  is  known,  but  it  is  nevertheless  present.  It  presents  conspicu- 
ously other  characters  of  the  family  in  the  broad  closely  articulating 
neural  arches,  and  short,  robust  neural  spines 
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The  molar  teeth  of  three  of  these  genera  are  represented  in  the  accom- 
panying figures.  Nos.  1  and  4  are  superior  molars,  and  Nos.  2  and  3 
are  inferior  molars.     Their  parts  are  reversed  in  the  two  jaws. 


1.    liolhoilon    t(  ut/ifictus.      2.  J)tfKl(i'fii<  jtlnist  oJim/K.     ',].   DiadictcH   hi- 
rf(h/tifnfft/s.     4.    Kiiiptdias  fnsus. 

n.   Posterior  view. 
h.   End  view. 

Tlie  new  forms  of  the  faniilv  are  as  follows  : 

l)lAl)K(  TKS   Hl(  ILMINATrs.   sp.   nov. 

As  this  species  is  rci>resente(l  hy  a  fraiinient  of  a  niandihle  the  char- 
acters can  be  drawn  from  the  teeth  onlv.     These  are    remarkable    for 
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their  compressed  form,  and  for  the  unequal  elevation  of  the  grinding 
surface.  There  is  a  median  cusp  much  elevated  above  an  external  heel, 
which  is  at  the  base  of  the  crown  ;  and  there  is  an  internal  cusp  which 
is  fused  to  the  median  cusp,  and  reaches  a  similar  elevation.  It  is 
doubtful  whether  there  are  any  interalveolar  walls,  as  the  teeth  are 
closely  placed. 

The  internal  cusp  is  a  little  more  elevated  than  the  median,  and  its 
apex  is  separated  from  that  of  the  latter  by  a  shallow  notch.  The  outer 
wall  of  the  median  cusp  is  vertical,  while  the  inner  wall  of  the  inner  cusp 
is  convex  both  vertically  and  anteroposteriorly.  The  worn  section  of  the 
two  is  unequally  dumbbell-shaped.  The  external  face  of  the  median 
cusp  exhibits  a  median  rib,  with  a  groove  on  each  side,  besides  finer 
grooves,  which  are  also  present  on  the  anterior  faces  of  the  crown  near 
the  external  border.  Internal  to  these,  the  median  cusp  sends  shallow 
grooves  obliquely  inwards  and  downwards,  which  do  not  reach  the  base 
of  the  internal  cusp.  The  transverse  diameter  of  the  crowns  diminishes 
gradually  posteriorly,  so  that  the  alveolus  of  the  last  one  of  the  series  is 
small  and  round. 

The  groove  which  separates  the  teeth  from  the  external  parapet  of  the 
jaw  is  half  as  wide  as  the  width  of  the  molars.  Its  edge  is  roughened 
with  projections  which  separate  fossae  and  foramina  of  different  sizes. 
The  external  surface  of  the  jaw  is  roughened  with  innumerable  wrinkles 
and  tubercles  separated  by  grooves,  fossae  and  foramina. 

Measurements,  mm. 

Length  of  series  of  nine  teeth 46 

Width  of  crown  of  largest  molar 13 

Elevation  of  external  heel 5 

"  "  internal  cusp 11 

Anteroposterior  diameter 5 

Width  of  mandibular  ramus  at  do 26 

The  specimen  by  which  this  species  is  known  was  found  by  Mr.  J.  C. 
Isaac  m  1878.  It  is  the  **No.  2  "  of  my  description  of  Diadectes  sidero- 
pelicus  of  the  Proe.  Amer.  Philos.  Soc,  1878,  p.  505. 

DiADECTES  SIDEROPELICCS^Cope,  loC.  cit. 

This  species  is  represented  by  a  left  maxillary  bone  which  contains 
three  molar  teeth  in  place  and  spaces  for  five  or  six  others.  A  simple 
tooth  at  its  anterior  part  is  larger  than  is  usual  in  the  species  of  this  fam- 
ily. I  have  accordingly  defined  the  genus  Diadectes  as  characterized  by 
the  presence  of  a  canine  tooth.  It  is,  however,  not  possible  to  determine 
whether  the  other  simple  teeth  may  not  have  been  of  equal  proportions, 
as  they  are  represented  by  alveoli  in  the  specimen.  I  therefore  deflnp 
the  genus  by  the  molar  characters,  which  are  distinct.  In  t^ 
the  species  D,  latibuecatus  and  D.  phaseolinus  agree  with  it 
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named  the  heel  of  the  molara  is  larger  than  in  the  two  others,  approach- 
ing remotely  the  genus  Empedias.  The  D.  latibuecatus  differs  from  the 
D.  sideropelicus  in  the  smaller  number  of  molar  teeth,  and  smaller  and 
more  numerous  caniniform  teeth. 

BoLBODON  TKNuiTECTUS,  gen.  ct  sp.  nov. 

Char.  gen. — Molar  teeth  without  external  heel,  and  with  one  median 
cusp.  Cranial  bones  coossified ;  no  grooves  indicating  the  sutures  of 
dermal  scuta.  Internal  borders  of  palatine  bones  in  mutual  contact, 
and  dentigcrous. 

The  dentition  of  this  genus  is  not  different  from  that  of  Phanerosau- 
rus,  as  described  and  figured  by  Geinitz  and  Deichmiiller.*  In  that 
genus,  according  to  these  authors,  the  cranial  elements  are  distinct, 
the  sutures  being  persistent.  In  Bolbodon  the  cranial  elements  are 
entirely  coossified,  excepting  only  the  tabular  bone,  which  is  distinguish- 
able. The  nostril  is  large,  and  a  turbinal  bone  is  visible  within  it  as  in 
Pariotichus.  The  lateral  and  inferior  bones  of  the  brain  case,  and  the 
mandible,  are  not  preserved. 

Char,  speetf. — This  species  is  represented  by  a  portion  of  the  cranium, 
which  includes  nearly  the  entire  right  side,  and  a  portion  of  the  median 
part  of  the  superior  wall  from  the  tabular  border  to  the  premaxillary 
inclusive.  The  vomer  and  the  middle  portions  of  the  palatines,  with  the 
right  premaxillary  and  maxillary  bones,  are  preserved. 

From  the  middle  line  at  the  apex  of  the  vomer  to  the  posterior  ex- 
tremity of  the  maxillary  bone  there  are  alveoli  for  seventeen  teeth.  Of 
these  six  only  are  occupied  by  teeth,  which  are  numbers  5,  7,  10,  12,  13, 
K).  Of  these  only  numbers  5,  13  and  10  have  perfect  crowns.  The 
skull  has  been  somewhat  distorted  by  pressure,  so  that  the  longer  axis  of 
the  roots  and  crowns  are  somewhat  oblique  to  their  correct  positions. 
The  roots  of  numbers  5  and  7  are  wide-oval  in  section,  and  the  long  axis 
becomes  longer  posteriorly  up  to  the  number  16,  in  which  it  is  a  little 
contracted,  and  where  the  entire  dimensions  are  smaller.  The  crown  of 
number  5  is  caniniform  and  acute,  is  curved  backwards  as  to  its  anterior 
face,  and  has  a  worn  posterointernal  face  due  to  the  opposing  tooth  of 
the  inferior  series.  In  number  13  the  crown  is  much  more  expanded 
transversely,  and  the  external  vertical  border  is  convex  medially  and 
incurved  above  and  below.  Curved  shallow  grooves  radiate  from  the 
external  apex  downwards  and  inwards.  The  crown  of  the  sixteenth 
tooth  is  cordiform,  with  the  acute  apex  upwards.  Shallow  gnioves  de- 
scend from  the  latter.  Like  the  maxillary  teeth  the  palatines  are  widely 
spaced.  The  sections  of  their  crowns  are  a  wide  oval  placed  longi- 
tudinally ;  apices  lost. 

The  nostril  is  large  and  is  rounded  subquadrate.  The  orbit  is  large 
and  is  subround,  and  its  border  is  not  notched  as  in  the  Diadectes  lati- 
buecatus, nor  the  superior  border  depressed  as  in  D.  phaseolinus.     The 

*  MUthiilungen  min.-gtd.  u.  prxhUt.  Mttseum  of  Dresden ^  1882,  p.  10. 
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interorbital  space  is  gently  convex,  and  is  wider  than  the  diameter  of 
the  eye,  but  how  much  wider  the  state  of  the  specimen  leaves  un- 
certain. The  jugal  bone  is  quite  narrow  below  the  orbit,  its  vertical 
diameter  equaling  two-flfths  that  of  the  latter.  The  surface  of  the 
cranium  is  rather  minutely  wrinkled,  and  does  not  display  the  grooves 
seen  in  the  Diadectes  latibuecatus.  The  tabular  bone  forms  a  rounded 
and  narrowed  cap  of  the  posterolateral  angle  of  the  skull,  and  is 
much  less  prominent  than  in  the  genus  Chilonyx,  but  more  so  than  in 
Diadectes,  where  it  is  not  distinguishable  by  suture. 

Measurements,  mm. 

Total  length  of  cranium  from  premaxillary  border  to 
OS  tabulare  inclusive 284 

Diameters  of  nostril  j  ^«'^**=»^ f„ 

i  transverse 33 

Distance  from  nostril  to  orbit 78 

Diametersof  orbit  r*^'*^''' '^^ 

( transverse 54 

Interorbital  width  (posterior  to  middle) 70 

Length  of  dental  series  (chord) 150 

/  longitudinal 15 

Diameters  m.  v  j  anteroposterior 7 

(  transverse 10 

/  longitudinal 13 

Diameters  m.  xii  <  anteroposterior 0.5 

(transverse 13 

r  longitudinal 10 

Diameters  m.  xvi  ?  anteroposterior 5 

V  transverse 8.5 

The  dimensions  of  this  skull  are  equal  to  those  of  the  Diadectes 
phciseolinus,  and  about  one-fourth  larger  than  those  of  the  D.  latibuccatus. 
The  bones  of  the  cranium  are  thinner  and  lighter  than  those  of  any 
other  species  of  the  family  that  has  come  under  my  observation. 

PARIOTICHID^. 
Pariotichus  aduncus,  sp.  nov. 

Represented  by  a  cranium  of  which  the  muzzle  and  right  side,  with 
the  right  ramus  of  the  mandible,  are  preserved,  together  with  some  other 
fragments,  of  one  individual ;  and  by  a  distorted  cranium  of  a  second. 

The  species  is  intermediate  in  size  and  characters  between  the  type  of 
the  genus  P,  braehyops  and  the  larger  P.  aguti,  besides  presenting  a 
number  of  peculiarities  of  its  own.  The  elongate  maxillary  teeth  are 
graded  in  size  to  the  smaller,  and  the  sixteenth  from  behind,  the  largest, 
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is  nearer  the  anterior  border  of  the  orbit  than  to  the  nostril.  In  front  of 
it  are  three  teeth  which  are  preceded  by  an  interval.  There  are  three  and 
perhaps  four  incisors  on  each  side,  of  which  the  external  two  are  small 
and  the  internal  two  very  large,  the  inner  the  largest.  The  mandibular 
teeth  increase  regularly  in  length  anteriorly.  The  nostrils  are  lateral 
and  absolutely  terminal.  The  premaxillary  bones  are  recurved  so  that 
the  alveolar  edge  is  in  vertical  line  with  the  posterior  border  of  the  nos- 
tril. Thus  this  recurvature  exceeds  that  seen  in  any  other  species  of  the 
genus,  and  the  symphysis  mandibuli  is  correspondingly  posterior.  The 
orbits  are  larger  than  in  any  other  species,  exceeding  the  interorbital 
width  considerably,  and  equaling  the  length  of  the  nmzzle  from  the  orbit 
to  the  middle  of  the  nostril.  The  muzzle  is  wide  above  in  proportion 
to  its  length.  It  is  probable  that  the  width  of  the  skull  behind  does 
not  exceed  the  length  from  the  posterior  border  to  the  front  of  the  orbit, 
though  this  measurement  is  uncertain  owing  to  the  mutilated  condition 
of  the  right  side. 

The  surface  is  sculptured  with  shallow  pits  separated  by  rather  thick 
ridges.  The  nasal  bones  send  back  a  short  angle  of  the  external  margin 
to  meet  the  inferior  prefrontal  suture,  about  halfway  between  the  orbit 
and  nostril. 

Measurements.  mm. 

Length  of  skull  to  end  of  os  quadratum 54 

**         **     posterior  to  orbit 18 

• '      orbit 15 

Lenjrth  from  orbit  to  nostril 12 

Width  of  niuzzk*  at  middle 15 

interorbital  si)ace 10 

"      internarcal       *'       8 

Length  of  recurve<l  part  of  premaxillary 7 

premaxillary  1,  1 5 

lonirest  maxillary  tooth 4 

Depth  of  mandible  at  middle  of  orbit 6 

From  the  Permian  formation  of  Texas. 

V  PAKlASAriUD.K. 

Lauidosai  lus  HAMATi  s  C'ope,  iren.  nov.     l^nrivtirJiKS  lunitntfis  Cope, 
Pnn'.  Autir.  PhiloH.  >>iH\,  1H05,  p.  44S,  PI.  viii,  Fiir^.  1  and  2. 

(.'hiir.  f/rn. — One  series  of  pleurodont  maxillary  teeth  slightly  unequal 
in  si/.e.  Internal  incisor  nuieh  enlarired.  conic,  ;icute,  and  directed  back- 
wanl>.  No  teeth  on  the  niaxillopalatines  ;  teeth  on  the  i)ahitines  small, 
subconic,  in  one  row.     Nostrils  lateral. 

Better  specimens  ot  the  above  species  ^liow  that  it  has  ])Ut  one  row  of 
maxillaiy  teeth,  which  are  pleurodont.  so  that  It  1<  clearly  a  member  of 
a  genu>  distinct  from  Pariotichiis.     If  the  character  I  have  assigned  as 
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definitive  of  the  Pariotichidoe  be  the  tnie  one,  the  genus  Labidosaurus 
must  be  referred  to  a  different  one,  and  I  know  of  no  character  at  present 
to  separate  it  from  the  Pariasaurid«e  of  which  the  known  species  are  so 
far  as  known  up  to  the  present  time  restricted  to  South  Africa.  It  differs 
from  the  known  genera  of  that  family  in  the  greatly  elongate  premaxil- 
lary  teeth,  and  in  the  simple  conic  dental  crowns. 

Char,  specif. — Specimens  since  received  display  numerous  character- 
istic peculiarities  not  preserved  in  the  type.  The  sculpture  of  the  cra- 
nial surfaces  is  in  shallow  fossse  with  rather  thick  partitions,  of  smaller 
size  than  in  the  PariotichuB  aguti,  which  resembles  it  most  nearly.  Thus 
there  are  a  dozen  ridges  between  the  orbits  on  the  front  in  the  latter, 
while  there  are  fifteen  to  seventeen  in  the  L.  hamutus.  The  maxillary 
teeth  are  relatively  smaller  than  in  any  of  the  species  of  Pariotichus 
known,  and  they  extend  only  to  below  the  middle  of  the  orbit.  The 
orbit  is  subround  ;  in  the  type  it  is  oval,  perhaps  owing  to  pressure. 
Its  diameter  is  about  half  the  length  of  the  skull,  both  anterior  and  pos- 
terior to  it,  and  equals  the  interorbital  width.  The  nostril  is  anteropos- 
teriorly  oval,  and  the  apex  of  the  elongate  incisor  tooth  is  below  its 
anterior  part.  Thus,  though  the  muzzle  is  more  elongate  than  in  any  of 
the  species  of  Pariotichus,  it  does  not  project  so  for  beyond  the  premax- 
illary  border.     Length  of  skull  of  new  specimen  155  mm. 

APPENDIX  ON  A  SPECIES  OF  TRIMERORHACHIS. 

TrIMERORHACHTS   C0NANGULU8,  Sp.  nOV. 

Size,  the  least  of  the  species  of  the  genus.  Angle  of  the  mandible 
produced,  conic.  Orbits  rather  large,  the  posterior  border  nearer  the  line 
of  the  end  of  the  muzzle  than  to  the  posterior  extremity  of  the  mandi- 
bular angle,  but  not  so  near  as  to  the  posterior  border  of  the  tabular 
bone.  External  nares  half  way  between  orbit  and  end  of  muzzle.  In- 
terorbital width  equal  diameter  of  orbit. 

Teeth  small,  the  crowns  elongate  and  acute.  Twenty-two  may  be 
counted  from  the  iM)sterior  end  of  the  series  to  a  point  opposite  the  an- 
terior border  of  the  orbit.  A  much  larger  tooth  is  situated  on  the  ex- 
ternal border  of  the  maxillopalatine  ("  v<mier  "),  a  little  distance  in  front 
of  the  choanae,  while  an  equally  large  one  is  situated  directly  on  the  pos- 
terior border  of  the  latter.  Another  tooth  of  equal  size  is  situated  ex- 
ternal to  the  posterior  tooth,  near  the  maxillary  border,  and  the  base  of 
a  smaller  one  is  visible  beneath  the  two. 

The  mandibular  ramus  becomes  quite  slender  anteriorly.  Posteriorly, 
the  sutures  of  the  angular,  articular,  dentary  and  splenial,  are  distinct. 
The  symphysis  projects  beyond  and  turns  up  in  front  of  the  preniax- 
illary  border.  The  angle  projects  considerably  beyond  the  quadrate, 
and  is  rounded  below  and  at  the  sides.  The  extremity  is  vertically 
grooved,  but  whether  accidentally  or  normally  I  cannot  determine. 

The  elements  composing  the  cranial  roof  are  mostly  distinguishable. 
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The  8upraoccipita]s  have  considerable  extent  on  the  superior  face  of  the 
skull.  The  largest  bones  are  the  parietals,  whose  median  suture  is 
interrupted  by  the  foramen  at  about  the  middle.  The  next  largest 
bone  is  the  tabular,  which  extends  half  the  length  of  the  parietal  for- 
wards. The  supramastoid  is  pyriform  and  is  rather  small,  and  its  anterior 
angle  is  wedged  in  between  the  posterior  parts  of  the  postfrontal  and  post- 
orbital.  The  postfrontals  separate  the  frontals  from  the  orbital  border. 
The  frontals  are  distinct,  and  their  posterior  border  is  about  in  the  line 
of  the  posterior  borders  of  the  orbits.  The  supratemporal  region  is  in- 
jured, and  only  the  suture  between  thequadratojugal  and  jugal  is  visible. 
The  sculpture  consists  of  radiating,  ridges  from  some  i>oint  in  each 
bone  to  its  circumference.  This  point  may  be  near  the  centre  or  one  of 
the  borders  of  the  bone.  The  ridges  may  be  more  or  less  interrupted 
and  inosculating.  They  are  present  on  the  lower  jaw  as  well  as  the 
upper. 

Measurements.  mm. 

Length  of  skull  on  base  including  symphysis 40 

Width  of  skull  at  quadrate  articulations 36 

Length  of  mandibular  angle  from  do 6 

Transverse  diameter  of  orbit 5 

Length  from  posterior  border  of  skull  to  orbit 18 

Width  between  nostrils 10 

From  tlie  Permian  bed  of  Texas. 


EXPLAXATIOX  OF  PLATES. 

Pl.\tf.  VII. 

Otoralns  te»t>nline>ts  Cope  ;  parts  of  skull  and  skeleton  with  carapace, 
troni  above  ;  two-thirds  natural  size. 

Plate  VIII. 

Otoro'lus  ta<t>t(Jineit8  Cope  ;  specimen  figured  on  i>re(eding  plate,   from 
Ih'Iow  ;  two-thirds  natural  size. 

Platk  IX. 

Fiir.  1.  Ofonihfs  minifficua  Cope  :  skull  and  ])art  of  carapace  in  con- 
tinuous relation  in  the  matrix,  from  above  :  three-fifths  nat- 
ural size. 

Fig.  2.  Otoralns  tattniJimus  Cope  :  broken  edge  of  typical  specimen 
representing  section^  of  ribs  an«l  earapaeial  bands  near  the 
vertebral  eolunin  ;  two-thirds  natnnil  size. 
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dense  layer,  a  lijrlit  sponpy  layer,  and  a  very  thin  inferior  dense  layer. 
There  were  no  horny  scuta,  and  it  is  doubtful  whether  there  were  any 
dermal  sutures.  The  surface  is  marked  with  numerous  tubercles  which 
are  of  elongate  form,  and  run  in  various  directions,  frequently  inoscu- 
lating and  separating  generally  narrow  fossa*.  They  are  liner  and  more 
nearly  parallel  on  the  distal  part  of  the  costal  than  on  the  proximal,  and 
they  turn  at  right-angles  to  the  intercostal  sutures.  The  proximal  part 
of  the  costal  is  crossed  by  an  angular  keel  which  runs  parallel  to  the 
middle  line  of  the  carapace.  It  is  smooth,  interrupting  the  sculpture. 
There  are  tlierefore  two  low  paralbd  keels  on  the  superior  part  of  the 
plastron.  "Whether  there  is  a  median  keel  cannot  be  determined,  as  no 
vertebral  bone  is  preserved.  At  one  side  of  this  keel  (?proximad)  is  a 
smootli  shallow  groove,  whicli  may  represent  the  border  of  a  vertebral 
scutum.     Not  enough  of  it  is  preserved  to  demonstrate  its  nature. 

The  shaft  of  the  humerus  is  flat  in  the  plane  of  the  distal  extremity 
and  is  nearly  straight,  except  tliat  it  bends  a  little  downwards  proximad 
of  the  distal  extremitv  of  tlie  deltoid  crest.  The  latter  descends  low  on 
the  shaft  marking  one-third  the  length.  Its  inferior  portion  is  recurved 
inwards  towards  the  head.  Tlie  long  axis  of  tlie  head  is  at  right  angles 
to  that  of  the  shaft.  The  radial  process  is  i>rominent,  and  marks  two- 
fifths  the  lengtli  of  tlie  shaft  from  the  head  on  the  internal  edge.  The 
straight  line  of  the  axis  of  the  humerus  readies  tlie  distal  extremity  be- 
tween the  condyles  and  the  eiitepicondylar  foramen.  Thus  the  con- 
dvles  are  turned  sliirlitlv  ectad.  The  internal  portion  of  the  condvle  has 
a  greater  anteroposterior  dianietcr  than  the  external,  and  though  the 
articular  surface  is  convex  anteropostrriorlv.  transvcrsclv  there  are 
three  shallow  concavities,  one  external  aii<l  two  internal.  The  internal 
epicondyle  is  wide  an<l  flat,  an<l  e(iual>  the  condyle>  in  transverse 
diameter.  The  external  epicondyle  i^  little  prominent.  The  entepicon- 
dylar  canal  is  «)brKpH'.  enterinir  nearer  the  inner  margin  below,  and 
issuing  at  about  the  middle  above. 

Mt  iisniu  nil  II ti*.  MM. 

Proximal  width  of  costal   1 47 

Thickness  nt  tlo.  at  margin 7 

Width  of  costal  '2.  at  distal  end 00 

Thickness  of  do.  at  distal  margin '^ 

Leniith  of  humerus KM^ 

TV.         .  ,. ,        ,  ^  anlerop«»«.terior 'Vi 

Diameters  oi  head  ]  ' 

<  trail >- verse li 

Width  of  humerus  <li«-tally 41 

Tran-ver*-e  extent  of  condyle*^ 22 

Liiigth  trom  ra«lial  procc'-s  to  distal  einl ."i:} 

I  obtained  the  specimens  above  «lesciil)ed  trcnn  a  Neocene  bt-d  on  the 
Panninky  river.  Viririnia.  It  was  a^'-ociate*!  with  the  Misortfus  niphun- 
t'lilas  (,"o|K'.  and  varion<  ^^pecies  of  Platanistida'.  an<l  a  Scpialodon. 
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Metopocetus  DURINA8U8,  gen.  et  sp.  nov. 

Char,  gen. — Lateral  occipital  crests  cgntinuous  with  anterior  temporal 
crests  which  diverge  forwards.  Frontal  bone  elongate,  not  covered 
posteriorly  by  the  maxillary,  coossified  with  the  nasals.  Nasals  sliort, 
coossified  with  each  other,  not  projecting  anterior  to  frontals. 

Accompanying  the  cranial  fragment  on  wiiich  this  genus  is  founded 
is  a  piece  of  a  premaxillary  bone  of  appropriate  size,  which  presents  the 
character  of  that  of  a  whalebone  whale.  The  true  position  of  this 
genus  is  probably  between  Cetotherium  and  Agorophius.  It  is  probably 
a  mysticete  which  approximates  the  ancestral  zeuglodont  type  which  is 
represented  in  our  present  knowledge  by  the  genus  Agorophius.  It  is 
connected  with  Cetotherium  by  the  new  genus  Cephalotropis,  which  is 
described  below.  The  three  genera  form  a  group,  which  may  be 
properly  referred  to  the  Balsenida;,  which  is  characterized  by  the  elonga- 
tion of  the  frontal  and  parietal  bones  on  the  superior  w^alls  of  the  skull. 
They  differ  as  follows  : 

A  temporal  ridge ;    maxillaries  little  produced  posteriorly ;  nasals  not 
produced  beyond  frontal,  coossified  with  the  frontal  and  with  each 

other Metopocetus  Cope. 

A  temiwral  ridge ;  maxillaries  much  produced  posteriorly  ;   nasals  free 

from  frontals  and  from  each  other,  produced  well  anteriorly 

Cephalotropis  Cope 
No  temporal  ridge  ;  maxillaries  much  produced  posteriorly  ;    nasals  free 

from  frontals  and  from  each  other,  well  produced  forwards 

Cetotherium  Brandt . 

The  specimen  on  which  the  genus  Metoi>ocetus  is  founded  is  quite 
mature  so  that  the  sutures  are  coossified.  The  frontomaxillary  and 
frontopremaxillary  sutures  are  however  distinct,  as  they  appear  to  me, 
and  they  are  remarkable  for  their  position.  They  extend  but  little 
posterior  to  the  external  nareal  openings.  The  latter  are,  in  relation  to 
the  supraoccipital  crest,  anterior,  but  in  relation  to  the  position  of  the 
nasals,  posterior.  The  nasals  are  short  for  a  Balwnid,  ulthough  they 
enter  wedge-like  into  the  frontals  for  a  considerable  distance. 

The  position  of  the  genera  Metopocetus  and  Cephalotropis  may  be 
similar  to  that  of  the  genera  Ulias  and  Tretulias,  which  are  known  from 
mandibular  rami  only.  One  or  both  of  the  former  may  be  identical  with 
one  or  both  of  the  latter  ;  but  of  this  there  is  as  yet  no  evidence. 

Char,  specif. — The  specimen  whic^h  represents  the  Metopocetus  duri- 
nasus  is  a  cranium  posterior  to  the  nares,  lacking  the  left  exoccipital  and 
squamosal  regions,  and  the  right  zygomatic  process.  Both  occipital 
condyles  are  preserved,  and  the  basicranial  region  as  far  as  the  anterior 
nares. 

The  supraoccipital  extends  well  forwards  and  its  lateral  crests  present 
a  moderate  concavity  outwards  and  forwards.  Its  ai)ex  is  represented 
by  a  semicircular  mass,  posterior  to  which  it  is  deei)ly  concave,  and  the 
concavity  is  divided   by  a  longitudinal   median  crest.     The  temporal 
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fossae  approach  near  together  on  the  median  line,  forming  a  short  sagit- 
tal crest,  which  is  about  as  wide  as  it  is  long.  From  this  the  temporal 
ridges  diverge  abruptly,  and  these  extend  in  a  nearly  straight  line  for- 
wards, diverging  from  the  line  of  the  axis  of  the  skull  at  an  angle  of 
about  twenty-five  degrees.  Between  it  and  the  lateral  occipital  crest 
the  temporal  fossa  is  concave  to  the  line  of  the  anterior  border  of  the 
squamosal  bone.  At  the  latter  point  the  line  of  the  suture  presents  an 
angle,  which  extends  downwards,  outwards  and  forwards.  Between 
it  and  the  posterior  temporal  crest  the  surface  is  concave  above. 

The  exoccipital  is  flat  vertically,  and  extends  a  little  posterior  to  the 
transverse  line  of  the  occipital  condyles.  The  postglenoid  face  of  the 
squamosal  is  vertical,  and  it  projects  laterally  beyond  the  exoccipital. 
The  postglenoid  crest  is  not  conspicuous,  and  the  glenoid  cavity  presents 
downwards,  and  very  little  forwards.  The  posterior  temporal  crest 
bounds  a  groove  of  the  superior  face  of  the  part  of  the  squamosal  that  lies 
posterior  to  it.  The  latter  face  is  quite  wide,  and  its  external  bounding 
angle  is  a  right  angle.  It  is  continued  as  the  superior  face  of  the  zygo- 
matic proce.**s. 

The  petrous  bone  has  a  peculiar  form.  Its  mastoid  portion  presents 
externally  a  nearly  discoid  outline  between  the  exoccipital  and  squam- 
osal. Its  inferior  portion  descends  as  a  process  which  forms  the  short 
stem  of  a  half-tubular  horizontal  portion,  which  opens  downwards 
and  posteriorly,  forming  a  partial  meatus  auditorius. 

The  Ijiteral  descending  borders  of  the  Imsioccipital  are  so  prominent 
as  to  enclose  a  deep  j^roove  l)et\veen  tliem.  The  i>osteri()r  nares  are 
about  <)j)j)()site  to  the  anterior  border  of  the  foramen  lacenim. 

The  frontal  rejrion  at  its  posterior  ai>ex  is  convex  from  side  to  side. 
As  it  widens  it  j>resents  three  sii])e(iual  faces,  two  lateral  and  one 
median.  The  median  j^lane  is  separated  from  tlie  laterals  by  a  shallow 
t^roove  on  each  side,  which  become  deeper  anteriorly,  and  turn  abruptly 
outwards  at  the  nareal  border.  They  ajjpear  to  be  the  outlines  of  the 
nasal  bones.  Anteriorly  the  lateral  i)lanes  become  thickened  longitudi- 
nally just  external  to  these  jipooves.  The  entire  anterior  portion  of  the 
externnl  planes  is  a  sutural  surface,  with  longitudinal  grooves  for  a 
lenirth  averajring  40  mm.  This  surface  can  relate  to  nothing  but  the 
])remaxillary  and  maxillary  elements.  This  point  of  attachment  is.  how- 
ever, anterior  to  that  of  any  known  irenus  of  Mysticete  :  and  is  anterior 
to  that  in  the  Affovojtfti'ttn  jtt/fjnupus  Miill.  In  not  extending  so  far  pos- 
teriorly as  the  nasal  hones,  it  leaves  the  frontals  to  embnice  the  latter 
ant<Tiorly  to  an  unusual  extent.  Thi^  is  on  the  supposition  that  the 
indistinct  irroove^  on  each  side  of  the  middle  line  really  represent  the 
lateral   borders  of  the  nasal   bone>^,  which  is  not   certain.   excei>t   as  to 

their  anterior  portion^. 

^f('(^Hunn^(  nts.  MM. 

Width  of  skull  at  exoccii»itals 400 

"  postirlenoid  anirlc< 570 


it 
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Measurenunts.  mm. 

Width  of  occipital  condyles •..   150 

foramen  magnum 65 

sagittal  crest 17 

anterior  border  of  nasal  bones 90 

skull  at  sagittal  crest 170 

sphenoid  at  middle  of  for.  lacerum 135 

Anteroposterior  diameter  of  glenoid  surface 115 

Length  of  nasal  canal 250 

from  occipital  condyles  to  anterior  nares 450 

foramen  magnum  to  posterior  end  of  sag- 
ittal crest  (oblique) 210 

Length  of  sagittal  crest 15 

**        from         **         to  anterior  nares 195 

m 

This  specimen  was  obtained  by  Prof.  Arthur  Bibbins  from  a  Miocene 
marl  from  near  the  mouth  of  the  Potomac  river,  in  Maryland.  I  am 
under  much  obligation  to  the  Rev.  John  T.  Goucher,  President  of  the 
"Woman's  College,  of  Baltimore,  for  the  opportunity  of  studying  the 
specimen,  which  belongs  to  that  institution. 

Cephalotropis  coronatus,  gen.  et  sp.  nov. 

Char,  gen, — ^Parietal  bone  separating  supraoccipital  and  frontal  by  a 
considerable  space  and  presenting  a  sagittal  crest.  Frontal  extensively 
overlapped  by  the  maxillaries,  premaxillaries  and  nasals.  Nasals  elon- 
gate, distinct  from  the  adjacent  elements.  Frontal  presenting  divergent 
temporal  angles. 

This  genus  differs  from  Cetotherium  in  the  presence  of  temporal 
ridges  or  angles.  It  differs  from  Metopocetus  in  the  free  elongate  nasal 
bones. 

Char,  ipecif. — ^The  specimen  which  represents  this  species  is  a  portion 
of  the  cranium  which  includes  the  elements  which  surround  the  brain 
except  the  occipital,  the  superior  part  of  the  latter  remaining  ;  together 
with  the  posterior  parts  of  the  maxillaries,  premaxillaries  and  the 
greater  part  of  the  nasals,  and  the  basisphenoid  and  presphenoid  in  part, 
and  a  considerable  portion  of  the  left  temporal.  The  sutures  distin- 
guishing the  several  elements  are  distinct,  so  that  the  boundaries  of  the 
latter  can  be  readily  distinguished.  In  describing  this  fragment  I  will 
compare  it  especially  with  the  Metopocetus  durinasus  and  Cetot/ieriuru 
megalophysum,  where  the  corresponding  parts  are  preserved. 

The  supraoccipital  angle  is  produced  further  anteriorly  tlian  in  eitlier 
of  the  species  named,  and  the  sagittal  crest  is  longer  than  in  either. 
The  summit  of  the  smooth  occipital  surface  forms  a  transverse  border, 
which  cutfroff  the  apex  of  the  occiput,  thus  bounding  posteriorly  a  iri 
angular  area,  of  which  the  sides  are  a  little  longer  than  the  base.  This 
triangle  has  alow,  median  keel,  on  each  side  of  which  the  Hiirfacf  is 
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concave,  and  is  marked  with  numerous  irregular  fossoe.  The  surface 
has  been  evidently  the  seat  of  tlie  insertion  of  something ;  but  whether 
it  was  entirely  of  a  ligamentous  character  or  whether  some  tegumentary 
structure  had  its  basis  there  I  do  not  know.  The  superior  border  of  the 
temporal  fossa  is  regularly  concave  towards  the  middle  line,  and  regard- 
ing the  sagittal  crest  as  restricted  to  the  parietal  bone,  its  truncate  edge 
is  wider  at  the  extremities  than  at  the  middle.  The  narrowest  portion 
of  the  crest  is  nearer  the  frontoparietal  than  the  parietooccipital  suture. 
The  temponil  ridge  is  in  regular  continuation  of  the  edge  of  the  sagittal 
crest,  and  becomes  transverse  in  direction  towards  the  orbital  border  of 
the  frontal  bone.     This  border  is  broken  off. 

The  vertical  temporoparietal  suture  does  not  run  along  a  ridge  as  in 
the  J/,  (hirinasus,  but  its  superior  portion  is  on  a  low,  obtuse  angle. 
The  frontoparietal  suture  extends  posteriorly  from  the  sagittal  crest 
downwards,  much  posterior  to  the  direction  it  presents  in  the  C.  megalo- 
physunt,  where  its  direction  on  each  side  is  a  trifle  anterior  to  transverse. 
Across  the  front  the  suture  is  coarsely  serrate,  differing  from  the  sutures 
of  the  anterior  border  of  the  frontal  bone,  which  are  closely  and  deeply 
interdigitate,  as  in  the  C.  megalopJiysum.  The  superficial  median  part 
of  the  frontal  is  about  one-third  as  long  as  the  corresponding  part  of  the 
parietal.  The  nasomaxillary  suture  with  the  frontal  is  short  in  the 
transverse  direction,  not  reaching  the  temporal  ridge  on  each  side.  The 
frontomaxillary  suture  then  becomes  nearly  longitudinal  for  a  distance 
of  50  nnn.  and  then  turns  outwards  for  2.">  mm.  On  the  opj)osite  side 
the  posterior  border  of  the  maxillary  is  more  obli(iue,  and  extends  from 
the  transverse  median  ]»ortir)n  diverjrent  from  the  line  of  the  temporal 
ridjre,  torwanls  and  outwanls.  The  latter  i>  i)robably  the  normal  direc- 
tion of  the  suture.  The  nasal  bones  are  very  narrow,  but  expand  gnid- 
uallv  anteriorlv.  Thev  do  not  terminate  posteriorly  in  an  acute  anjile  as 
thev  do  in  the  C.  imtj<th)phynuin  and  }f.  Ouriitas^is  (ai)parently).  but  are 
truncali*.  The  i)reniaxillaries  are  also  narrow  at  this  j)oint.  Their  pos- 
terior extremities  are  broken  otf.  Tlie  jrlcnoid  cavity  presents  down- 
wards. The  j-iresijlienoid  is  plane  below  anteroposteriorly  and  tnins- 
verselv  posteriorly,  but  is  sli«rhtlv  con\ex  below  anteriorly.    It  is  hollow. 

M(t/SurtI/utitS.  MM. 

Lenirth   of    supraoccipilal    trianjrle   to   occipitoparietal 

suture SO 

Lenirth  of  parietal  on  middle  line GO 

tVontal 2^) 

Width  of  supraoecii)ital  at    base  of  supraoecipital   tri- 

anirle 124 

Width  of  baise  of  cranium  oj>posile  supraoecipital  tri- 

anirle 115 

sairittal  (•re>t IS 

nazals  at  base 28 

140  mm.  anterior  to  ba^e 50 
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In  the  interstices  of  the  specimen  portions  of  matrix  remain  which 
have  the  color  and  cliaracter  of  the  material  of  the  Yorktown  forma- 
tion. Embedded  in  this  at  certain  points  are  fragments  of  Molhisca  of 
the  genera  Pecten,  Luciria  and  Turritella.  It  was  probably  derived  from 
the  Chesapeake  region.  The  fragment  belongs  to  the  museum  of  Johns 
Hopkins  University',  of  Baltimore,  and  I  am  under  many  obligations  to 
Prof.  William  B.  Clark,  State  Geologist  of  Maryland,  for  the  opportu- 
nity of  studying  it. 

Rhegnopsis  PALiKATii.\NTicus  Lcidy.  Balana  palfpatlantiea,  Proceeds. 
Academy  Phila.,  1851,  p.  308.  BaUtnoptera  palifailantica  Cope, 
Pi'oceeds.  Academy  Phila.,  1868,  p.  193.  I^otohalana  palaatlantica 
Leidy,  Extinct  Mamm.  Dakota,  Nebraska,  186ft,  p.  440. 

The  typical  and  only  specimen  of  this  species  is  a  fragment  of  a  lower 
jaw  from  tlie  Yorktown  bed  of  S.  E.  Virginia.  Its  specific  characters 
differ  from  those  of  otlier  Babvnida?  referred  to  iii  this  and  preceding 
papers  by  me,  and  it  displays  in  addition  a  character  which  Leidy  has 
described,  and  which  is  very  conspicuous.  That  is,  the  presence  of  a 
Meekelian  fissure,  which  extends  deeply  into  the  mandibular  ramus.  I 
agree  with  Leidy  that  tliis  feature  should  be  regarded  as  generic,  and  so 
define  the  genus  as  follows,  under  the  name  Rhegnopsis.  Roof  of  dental 
canal  perforated  by  gingival  tul)es ;  a  Meekelian  fissure.  Dr.  Leidy's 
name  Protobalaena  is  preoccupied  by  Van  Beneden  (1867). 

Cetotherium  leptocentrum.  Eschrichtivs  leptoeentrus  Cope,  Pro- 
ceeds. Academy  Phila.,  1867,  p.  147.  Cetotherium  leptocentrum  Cope, 
American  Naturalist,  18W0,  p.  616.  Cetotherium  crassangulum  Cope, 
Proceeds.  American  Philosophical  Society  1895,  p.  148. 

After  the  latest  description  of  this  species  was  published  I  visited 
the  locality  at  which  it  was  discovered,  in  company  with  Prof.  Arthur 
Bibbins.  of  Baltimore.  I  found  a  part  of  a  mandibular  ramus  which 
coincides  in  all  respects  so  closely  with  the  portions  which  are  still 
adherent  to  the  skull  that  I  have  no  doubt  that  they  pertain  to  the  same 
species,  and  probably  to  the  same  individual.  One  character  in  which 
this  fragment  agrees  with  the  other  portions  of  the  rami  is  the  presence 
of  coarse  cancellous  bony  tissue  throughout  the  gingival  dental  canal. 
This  reduces  tlie  diameter  of  the  latter  to  that  of  the  large  external 
gingival  canals.  The  form  of  the  middle  part  of  the  ramus  as  indicated 
by  the  fragment  is  very  different  from  that  of  any  other  whalebone 
whale  known. to  me.  The  internal  face  is  nearly  flat  and  vertical,  while 
the  external  face  is  convex  only  at  the  superior  portion.  For  a  short 
distance  exterior  to  the  superior  angle  it  is  subhorizontal  ;  it  then 
gradually  decurves.  and  is  then  entirely  flat  to  the  inferior  subacute 
edge.  The  section  is  then  subtriangular,  with  the  ])ase  superior  and  the 
apex  inferior.  The  interior  gingival  foramina  continue  very  small,  and 
they  are  not  connected  by  a  groove.     Distance  between  two  of  them. 
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45  mm.    The  external  foramina  are  quite  large  ;  distance  between  two  of 
them,  165  mm. 

A  third  cervical  vertebra  was  picked  up  on  the  James  River,  Virginia, 
by  Prof.  Bibbins,  a  few  miles  below  the  locality  from  whicli  the  type  speci- 
men of  the  C.  craBsangulum  was  derived,  and  kindly  presented  by  him  to 
me.  It  belongs  to  an  adult  animal,  and  considerable  parts  of  one  of  the 
parapophyses  and  neurapophyses  are  preserved.  The  former  are  directed 
downwards  at  an  angle  of  about  350,  and  therefore  much  less  steeply 
than  in  the  C.  cephalus.  The  form  of  the  centrum  is  a  transverse  parallel- 
ogram and  therefore  similar  to  that  of  the  two  individuals  previously 
described.  The  diameters  are  :  transverse  below  middle  140  mm.;  ver- 
tical 97  mm.;  anteroposterior  at  base  84  mm.  The  dimen.«<ions.  while  less 
than  those  of  the  type  C.  crassaugulum,  are  appropriate  to  a  smaller  in- 
dividual of  that  species. 

EXPLANATION  OF  PLATES. 

Plate  XL 

Fragmentary  crania  of  Balijenidte  of  the  Yorktown  epoch,  one-sixth 
natural  size. 

Fig.  1.  Cetotherium  megalophysum  Cope,  from  above.  Coll.  Johns 
Hopkins  University. 

Fig.  2.  Cephalotropis  coronatus  Cope,  from  above.  Coll.  Johns  Hop- 
kins Universitv. 

Fig.  3.  Mttopoci'tns  duriiiasus  C<)i)e,  from  above.  Coll.  Woman's  Col- 
lege, Baltimore. 

Platk  XII. 

Diagrams  of  sections  from  near  the  middle  ot"  the  mandibular  rami  of 
extinct  Bahenidte,  one-half  natural  size. 

Fig.  1.      Cetotherium  leptoft  ntrfi/ti  Cope  ;  Virginia. 

Fig.  2.     Cetotherium  cephalus  Cope  ;  Maryland  ;  ^^eeli(^n  proximad  of  the 

middle. 
Fig.  3.      Cetothtrinm  cephtilun  Cope,  same  jaw   as  Fig.  2.  distad  of  the 

middle. 
Fig.  4.      Cetotherium  da  riff  Monii  Co\H'  \  California. 
Fig.  5.      liherjhojfxis  pabiathnttirus  ]A''n\\  ;  Virginia. 
Fig.  6.     Afi'S4H'ituH  siphunruluH  Co^x'  ;  Virginia. 

No.  1,  Coll.  Woman's  College,  Baltimore;  2.  ''\.  4.  5,  Coll.  Academy 
Natural  Sciences,  Philadelphia  ;  (>,  Coll.  E.  1).  Cojje. 

Littt  rimj. 

So.,  Supraoecipital  bone  ;  Sfj.,  S(|uamosal  ;  Z.,  Zygomatic  ;  P.,  Parietal  : 
F.y  Frontal;  V'.,  Nasal;  A'</.,  External  Xares  ;  J/.r..  Maxillary;  J^nx., 
Premaxillary  ;    7\  H.,  Temporal  Kiilge. 
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Notes  on  the  Osteology  of  the  White  Rwer  HorseSi 

By  Marcus  8.  Farr, 
{Bead  before  the  American  Philosophical  Society,  May  15,  1896.) 

MESOHIPPUS. 

Although  nearly  half  a  century  has  elapsed  since  Mesohippus  bairdi 
was  first  described  by  Leidy,*  our  knowledge  of  its  osteology  has 
remained  comparatively  incomplete,  all  the  known  material  being  lim- 
ited to  foot  bones  and  more  or  less  complete  skulls.  Most  all  of  the 
skeletons  that  were  found  were  badly  broken  up  and  only  the  larger 
and  more  perfect  bones  were  saved.  Modern  methods  of  collecting, 
essentially  those  introduced  by  Mr.  J.  B.  Hatcher,t  have  revolutionized 
all  this  and  now  even  the  most  delicate  bones,  though  badly  broken  up, 
are  preserved  as  easily  as  the  large  bones  were  before  collecting  was 
done  in  a  scientific  manner. 

Fortunate  discoveries  of  more  complete  skeletons  during  the  last  three 
years  have  given  us  very  much  better  material  and  now  enable  us  to 
supplement  the  account§  of  M,  bairdi  that  have  already  been  given,  to 
add  many  new  points  on  the  osteology  of  the  species  and  to  offer  a 
restoration  which  is  an  improvement  on  those  heretofore  offered. 

Several  species  of  Mesohippus  have  already  been  made  on  material 
from  Nebraska,  Dakota  and  Colorado.  These  have  either  been  founded 
on  a  few  teeth  presenting  peculiarities  or  on  foot  bones  not  associated 
with  teeth.  These  species  have  not  been  generally  accepted,  and  the 
founding  of  species  on  such  limited  material  especially  in  such  a  genus 
as  Mesohippus  which  presents  such  a  marked  degree  of  individual  varia- 
tion does  not  seem  justifiable  and  merely  burdens  science  with  useless 
synonyms.  I  have  not  seen  the  types  upon  which  the  various  species, 
M.  exoletum.X  M.  agrestis»%  M.  cuneatus,\  M.  celer,^  etc.,  have  been  estab- 
lished, but  from  the  study  of  the  individual  variations  in  the  many** 
specimens  of  M.  bairdi  studied  by  the  writer  it  seems  very  evident  that 
the  species  are  not  well  grounded  and  that  the  peculiarities  may  be 
accounted  for  by  the  factor  already  mentioned. 

The  discovery  of  the  Protoceras  beds  and  their  recognition  as  a  dis- 
tinct subdivision  of  the  White  River  formation sff  marks  a  stage  in  the 
development  of  the  paleontology  of  this  epoch. 

*  Leidy  first  described  this  species  as  Palstotherium  bairdi,  Proe.  Acad.  Nat.  Sd.,  1850. 
p.  122. 

t  Curator  of  Vertebrate  Palseontology  in  the  College  of  New  Jersey. 

X  Cope.  V,  S.  Qeoi.  Survey  of  the  Territories,  1873. 

2  Leidy,  Sept.  U.  &  Qeol.  Sur.  Terra.  (4to),  1,  p.  251,  PI.  vii. 

I  Cope,  PalatonU.  BtUi.,  No.  16,  p.  7,  August  20, 1873. 

%  Marsh,  Am.  Jour.  Sci.  and  ArtM,  1874.  p.  251. 

**  Remains  of  nearly  one  hundred  individuals  have  been  studied  by  the  writer. 

ft  Wortman,  On  theJHvitionaqfthe  White  River,  BtiU.  Am,  Mua.  Nat.  Uist.,  Vol.  v,  pp.  95^ 
106. 
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The  fauna  of  the  Protoceras  beds  is  aniqae  In  many  ways,  atpedally 
in  the  number  of  new  and  bizarre  forms  that  oome  in,  •ome  eTidentlj 
by  migration,  while  others  are  the  direct  descendants  of  the  spedea  of 
the  underlying  Oreodon  beds. 

These  strata  are  interesting,  as  they  form  a  transition  to  the  later  John 
Day  beds,  their  fauna  being  intermediate  between  the  latter  and  that  of 
the  Oreodon  beds. 

A  new  species  of  horse  has  been  found  in  this  formation  which  helps 
very  greatly  in  explaining  the  individual  yariatipns  of  M,  ftotfrdi;  aa 
many  of  these  are  seen  to  be  attempts  in  the  direction  of  if.  M»r»adlMf, 
which  is  undoubtedly  the  direct  descendant  of  the  former.  Bealdea 
these  two  species  which  are  seen  to  stand  in  the  direct  relation  of  ances- 
tor and  descendant  there  is  another  species,  M,  eopei,  which  occuts  flnt 
in  the  strata  of  the  Oreodon  beds  and  is  represented  in  the  Protocexaa 
beds  by  larger  individuals. 

Geological  succession  of  the  species : 

Protoceras  beds :  M.  bairdi,  M,  eopH,  M,  iniermedku, 

Oreodon  beds :  M,  bairdi,  M,  eopei. 

Titanotherium  beds :  If,  bairdi. 

The  genus  Mesohippus  occurs  then  in  all  the  different  horixona  of  the 
White  River  beds.  In  the  Titanotherium  beds  it  is  usually  repreeented 
only  by  fhigmentary  remains,  which,  however,  are  unmistakably  thoae 
of  if.  bairdi. 

The  Oreodon  beds  have  yielded  most  of  the  beist  material.  Through 
the  whole  extent  of  the  fossiliferous  Btrata  of  these  beds,  a  vertical  thick- 
ness of  at  least  one  hundred  and  eighty  feet,  remains  of  M.  bairdi  are 
fairly  abundant.  However,  the  remains  are  not  well  preserved,  groups 
of  teeth  and  the  larger  limb  bones  are  common,  while  well-preserved 
portions  of  the  skeleton  are  rare — a  perfect  skull  has  never  yet  been 
found.  Beside  M.  bairdi  we  get  in  the  upper  Oreodon  beds  a  new  spe 
cies  which  has  been  described  as  M.  copei.*  The  Protoceras  beds  have 
yielded  only  fragmentary  remains  of  Af.  bairdi.  This  species  does  not 
represent  the  main  line  of  descent  during  this  epoch,  but  it  is  here  taken 
up  by  Af.  intermedius  while  the  former  still  persists  as  a  side  line.  We 
also  get  M.  copei,  which  continues  on  from  the  Oreodon  beds  and  is  now 
represented  by  larger  individuals. 

Of  if.  bairdi  nearly  the  entire  skeleton  is  represented  by  material  in 
the  Princeton  collection. 

The  skull  has  been  quite  fully  described  by  Leidy,f  and  the  skeleton 
has  been  the  subject  of  an  exhaustive  paper  by  Prof.  Scott, {  but  when 
this  paper  was  written  the  entire  skeleton  had  not  yet  been  found  and 
the  incisor  teeth  of  upper  series  arc  the  result  of  explorations  of' the 
summers  of  1894  and  1895,  so  some  points  in  the  description  will  be  new. 

^Osbom  and  Wortman,  I'ulL  Am.  Mui.,  Vol.  vll,  pp.  85G-63^. 

t  The  EjcUnti  Mammalian  Panna  uf  DtihAaand  Ndiratka,  Philadelphia,  1809. 

\Joum.  qf  Morphology,  Vol.  v,  No.  8,  December,  1881. 
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Moreover  the  description  of  this  species  de  novo  is  justifiable  because  we 
wish  to  trace  the  steps  in  the  evolution  of  the  horse  as  they  can  be  fol- 
lowed in  the  horizons  of  the  White  River  strata  and  must  therefore  have 
a  description  of  one  species  as  a  standard  for  comparison. 

It  is  the  purpose  of  this  paper  to  add  some  new  points  on  the  osteology 
of  M.  bairdi  and  to  give  a  new,  more  accurate  and  more  complete  restora- 
tion ;  to  give  a  short  description  of  3f.  intermedius  and  Af.  copei,  and  to 
show  their  relation  to  each  other  and  to  M.  bairdi. 

I  must  acknowledge  my  very  great  indebtedness  to  Prof.  Scott,  who 
has  given  me  so  much  assistance  in  the  way  of  suggestion  and  criticism 
and  whose  kindly  interest  in  my  work  has  ever  been  an  inspiration  dur- 
ing my  three  years  of  graduate  study  in  Princeton.  To  Mr.  J.  B. 
Hatcher  I  am  also  very  much  indebted  for  free  access  to  collections  and 
for  kindly  criticism  and  help  and  for  much  information  on  White  River 
mammals. 

I  must  also  extend  my  thanks  to  Prof.  H.  F.  Osborn  and  Dr.  J.  L. 
Wortman,  of  the  American  Museum,  for  permission  to  study  some  of 
their  very  beautiful  material ;  also  to  the  latter  for  valuable  suggestions. 

The  drawings  are  by  Mr.  R.  Weber,  and  add  materially  to  the  value  of 
the  paper. 

The  Dentition 

The  dental  formula  is  I.  },  C.  |,  Pm.  f,  M.  f .  The  dentition  is  thus 
seen  to  be  unreduced,  and  the  specialization  or  modernization  consists  in 
the  complexity  of  the  last  three  premolars  which  are  molariform  and 
Pm.  2  is  beginning  to  assume  the  elongate  character,  so  marked  in  the 
living  horse  by  the  elongation  of  the  anterior  part  of  the  external  half 
of  the  tooth.  The  characters  of  the  permanent  teeth  have  already  been 
described  by  Leidy,*  Osborn, f  and  Scott4  but  very  little  has  been 
written  concerning  the  milk  dentition  and  the  superior  incisors  have 
only  very  recently  been  found.  Only  two  skulls  are  known  bearing  the 
upper  incisors,  nearly  all  the  skulls  that  are  discovered  having  the  end 
ofthe  very  narrow  snout  broken  off. 

The  inferior  canine  is  the  smallest  of  all  the  teeth  ;  it  is  suberect  and 
conical,  and  there  is  a  wide  diastema  between  it  and  Pm.  1.  The  lower 
incisors  are  spatulate  or  chisel  shaped  and  do  not  show  any  indication  of 
a  depression  or  pit.  They  have  sharp  cutting  edges,  and  their  inner  sur- 
faces are  strongly  concave.  The  first  incisor  is  the  longest  (i*.  e.,  highest 
above  alveolar  border)  and  also  the  widest  of  the  incisor  series.  I.  2  is 
smaller  than  I.  1,  while  I.  3  is  the  smallest  of  the  incisor  series.  There 
is  thus  a  decrease  in  size  and  length  of  incisors  outwardly  towards  the 
canine.    The  six  incisors  form  an  unbroken  row. 

^Ancient  ftiuna  of  Ntbraska,  pp.  70,  71 ;  Extinct  Mam.  Fauna  oj  Dak,  and  Neb.,  pp.  3r5- 
809,1860. 

iButl.  af  Mvf.qfComp.  Zo6l.,  Vol.  xvl.  pp.  88.  8ft. 

|'*0>teology of  Metohippusaiid  Lepiomeryx,"  Joum.  qf  Morpfi.,  Vol.  v,  No.  3,  pp.  303-30.3. 


The  anterior  border  of  the  mandible  is  rounded  and  the  teeth  are  ar- 
ranged in  the  segment  of  a  circle. 

The  fourth  lower  premolar  is  wider  transverselj  than  any  of  the  other 
teeth,  while  the  posterior  half  of  Pm.  8  is  wider  proportionately  than  any 
of  the  remaining  teeth,  with  the  exception  of  the  former.  Pm.  4  hat  a 
massiTeness  not  seen  in  the  other  lower  teeth.  Sometimes  this  Is  so 
marked  that  if  the  teeth  were  not  found  together  they  would  In  all 
probability  be  attributed  to  a  larger  indlTidual.  It  had  long  been  sup- 
posed that  the  superior  incisors  were  not  pitted.  Prof.  Scott  *  has  sepa- 
rated Mesohippus  fh>m  Miohippns  on  the  character  of  the  upper  indsora. 
A  skull  in  the  Princeton  collection  shows  the  upper  incisors  which  seem 
to  be  pitted,  but  as  they  are  so  much  worn  a  determination  of  their 
character  is  .not  possible.  Osbom  and  Wortman  f  have  Just  described 
these  teeth  and  through  the  kindness  of  these  gentlemen  I  have  been 
permitted  to  examine  this  beautifully  preserved  skull.  The  two  outer 
pairs  of  incisors  show  a  distinct  invagination,  whieh  is  not,  however, 
present  on  I.  1.  Upper  Pm.  1  is  a  small  single>coned  tooth,  which  has 
two  distinct  roots.  The  cingulum  is  well-developed  on  the  inner  side, 
enclosing  a  deep  pocket.  Anteriorly  there  is  a  tiny  accessory  oonule. 
The  corresponding  tooth  of  the  lower  jaw  is  very  small  and  inserted  by 
only  a  single  fong.  Pm.  4  of  the  upper  series  is  wider  transversely  than 
any  of  the  other  teeth. 

Succession  op  the  Teeth. 

From  all  that  can  be  observed  the  three  large  deciduous  molars  first 
appear  simultaneously  in  both  jaws.  The  next  tooth  to  appear  is  that 
which  represents  Pm.  1  of  the  permanent  set.  Nothing  is  known  as  to 
the  time  of  appearance  of  the  incisors  and  canines,  hut  judging  from 
analogy  we  may  presume  that  they  appear  as  early  as  the  milk  molars. 
A  mandible  of  Mesohippus  (No.  11107),  with  milk  dentition  and  M.  1 
of  the  permanent  set,  shows  alveoli  for  the  three  incisors  and  canine. 
The  next  tooth  to  appear  (after  persistent  Pm.  1)  is  M.  1,  which  is  suc- 
ceeded by  M.  2.  Next  the  temporary  molars  are  replaced  by  the  perma- 
nent premolars. 

In  the  upper  jaw  these  are  replaced  in  the  following  order:  Pm.  4,  Pm.  3, 
Pm.  2  (Pm.  1  persisting  in  both  jaws).  One  specimen  shows  Pm.  4  almost 
ready  to  erupt,  while  Pm.  3  is  very  much  smaller  and  the  germ  of  Pm.  2  is 
very  feebly  developed.  The  mode  of  succession  in  the  lower  jaw  seems 
to  follow  the  same  order.  In  specimen  No.  10905,  M.  1  and  M.  2  have  ap- 
peared, and  the  germs  of  the  permanent  teeth  are  seen  by  picking  away 
the  bone  and  exposing  roots  of  teeth,  where  the  germ  of  Pm.  4  is  seen  to 
be  better  developed  than  that  of  Pm.  3.    This  also  accords  with  the  rale 

*  Tranf.  Amer.  Phil.  Soc.,  18^.  p.  79.  In  the  light  of  present  knowledge  it  seems  beat 
to  iibandon  the  genu;;  MiohippUM  and  to  make  the  genus  Mesohippus  include  the  John 
Day  equines  as  well  as  the  White  River  forms. 

t  liuU.  Am.  Mat.  Xai,  IlitC.,  Vol.  \\\,  p.  S53. 
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of  wear  of  teeth,  as  Pm.  4  is  usually  more  worn  by  attrition  than  Pm.  53. 
After  the  deciduous  teeth  are  replaced  by  those  of  the  permanent  set, 
M.  3  appears  in  both  jaws. 

It  is  not  possible  to  tell  from  available  material  whether  the  incisors 
and  canines  are  replaced  or  are  persistent.  In  the  later  horse  from  the 
Equus  beds,  the  incisors  were  certainly  replaced,  and  the  germ  of  canine 
is  seen  piercing  the  jaw.  The  foramen,  through  which  it  is  growing,  is 
large,  but  it  is  not  possible  to  determine  whether  it  had  a  predecessor  or 
represents  a  permanent  canine  which  does  not  appear  until  the  other 
teeth  are  developed.  Chauveau*  makes  the  statement  that  the  canine 
persists  and  is  not  replaced  in  the  horse.  However,  judging  from 
analogy,  we  are  quite  safe  in  presuming  that  in  M.  bairdi  both  the  in- 
cisors and  canines  had  predecessors  in  the  milk  series. 


The  Milk  Dentition. 

The  temporary  dentition  may  be  given  in  the  following  formula : 

I.  f   C.  1,  D.  }.     See  Fig.  1. 

The  tooth  which  represents  Pm.  1  of  the  adult  skull  is  not  a  true  milk 
tooth,  as  it  does  not  appear  until  the  other  teeth  of  the  milk  set  are  fully 
developed,  and  is  not  replaced  as  are  the  teeth  of  the  temporary  series. 
It  may  be  considered  a  persistent 
milk  tooth,  as  it  has  no  predeces- 
sor,  and  then  the  dental  formula 
will  be  as  given  above.     If  consid- 
ered one  of  the  permanent  set,  as 
there  are  ample  reasons  for  doing, 
the  molar  formula  will  be  :  D.}. 

The  differences  between  the  de- 
ciduous teeth  and  those  of  the  per- 
manent set  are  not  due  to  any  ad- 
dition or  reduction  in  the  number 
of  elements  entering  into  the  forma- 
tion of  the  teeth,  but  are  due  to  the 
difference  in  the  relative  develop- 
ment of  the  elements  in  the  two 
sets.  The  differences  can  best  be  described  by  instituting  a  comparison 
between  the  two  sets,  and  to  do  this  it  will  be  best  to  describe  those  of 
the  permanent  set  and  then  show  how  the  deciduous  molars  differ  from 
them.  The  last  two  of  the  temporary  set  differ  only  in  minute  detail 
from  the  corresponding  teeth  of  the  later  set,  but  there  is  a  fundamental 
difference  between  Pm.  2  of  the  permanent  set  and  its  predecessor  in  the 
milk  series. 

All  of  the  premolar  teeth,  with  the  single  exception  of  Pm.  1,  are 
molariform.     Pm.  2  of  both  jaws   presents  some  points  of  difference 


Milk  Molars  of  M.  bairdi,  {. 

a,  superior  series. 

5,  inferior  series. 


^  Comparative  Anatomy  of  the  Dometticated  Animals. 


Farr.]  152  [May  15, 

from  the  other  teeth,  while  the  simple  character  of  Pm.  1  has  already 
been  sufficiently  commented  upon.     The  last  lower  molar,  as  in  so 
many  forms,  differs  from  the  others  in  the  presence  of  an  additional 
less  well-developed  lobe  situated  posteriorly.     The  lower  molars  and 
Pms.  3  and  4  have  oblong,  quadrate  crowns,  with  an  outer  pair  of  fore 
and  aft  principal  lobes,  and  an  inder  pair  of  secondary  lobes  connate 
with  them.     "The  principal  lobes  of  the  crown  are  slightly  oblique  in 
their  relative  position,  angularly  convex  and  sloping  externally,  con- 
cavely  excavated  internally  and  are  acutely  crescentoid  at  their  summit. 
Of  the  inner  secondary  lobes,  the  anterior  is  much  the  larger,  and  is 
pyramidal  in  form  with  a  twin   poinWd  summit."    This  character  is 
observable  only  in  teeth  that  are  not  worn  excessively  and  disappears  as 
the  summits  of  the  crown  are  worn  off  in  mastication.     "The  antero- 
internal  cusp  springs  from  the  crown  at  the  conjunction  of  the  principal 
lobes  and  is  continuous  with  their  contiguous  crowns.     The  posterior  of 
the  secondary  lobes  is  conical  and  springs  from  the  crown  in  conjunc- 
tion with  the  back  horn  of  the  posterior  principal  lobe.     The  front  horn 
of  the  anterior  principal  lobe  curves  inward,  downward  and  backward 
to  the  base  internally  of  the  anterior  secondary  lobe.     A  basal  ridge  (or 
cingulum)  nearly  continuous   bounds  the  crowns  of  the  lower  molars 
externally.     Posteriorly  it  rises  inward  and  terminates  in  a  tubercle 
springing  from   the  conjunction  of  the   two  posterior  lobes."     Pm.  2 
deserves  a  slight  mention  in  passing.     In  the  lower  jaw  the  posterior 
lialf  of  tliis  tooth  is  an  exact  copy  of  the  corresponding  part  of  any  of 
the  succeeding  |)rcniolars  or  molars.     One  half  of  the  antero-internal 
lobe  is  present  as  usual,  but  this  alone  forms  all  of  wliat  corresponds  to 
this  lobe  in  the  succeeding  teeth.     Anterior  to  this  and  externally  there 
is  another  lobe  more  nearly  median  in  position.     This  is  connected  with 
the  former  bv  a  ridge  and  the  two  together  torm  a  lobe  which  is  verv  dif- 
ferent  from  any  of  the  others.     Anterior  to  this  and  connate  with  it  is  a 
small   lobe  on  the  internal  surface  of  the  tooth.     The  deciduous  tooth 
ditfers  from  the  permanent  one  in  that  in  the  former  the  two  anterior 
lobes  are  more  distinct  from  each  other  and  from  the  other  lobes,  so  that 
we  seem  to  have  five  lobes  in  this  tooth.     Again  in  the  earlier  set  this 
tooth  has  a  greater  anteroposterior  extent  than  any  of  the  other  teeth. 
almost  e(iualing  in  length  M.  8  of  the  permanent  set,  wliich  has  the 
aihlitional  lob(».     In  the  permanent  set  Pm.  2  is  even  shorter  antero-pos- 
teriorly  than  the  succeeding  tooth  in  the  premolar  series.     In  the  milk 
set  I).  4  has  the  posterior  half  narrower  than  the?  anterior  half.     In  1).  H 
])oth  lialves  of  tooth  are  of  approximately  the  same  width,  while,  in  the 
permanent  premolar  series  the  posterior  half  of  the  tooth  is  always  the 
wider,  while  in  the  molar  series  the  reverse  condition  obtains.     The  cin- 
gulum is  not  so  well  developed  on  the  deciduous  molars  as  on  the  corre- 
sponding teeth  of  tlie  permanent  set.    It  is  nr)t  developed  (m  the  external 
surface  of  the  posterior  lo!»e  as  in  the  i>ermanent  tooth,  but  is  present  on 
the  posterior  border  of  tooth  where  it  ends  in  a  tubercle.     The  cingulum 
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is  well  developed  on  the  antero-external  lobe  of  Ds.  3  and  4,  even  better 
than  on  the  corresponding  permanent  tooth.  It  has  lately  been  called 
to  my  attention  that  the  cingulum  varies  in  the  individual  with  the 
nourishment,  well -nourished  individuals  having  it  better  developed  than 
those  poorly  nourished,  but  the  recurrence  in  many  individuals  of  the 
character  as  given  above  precludes  the  possibility  of  its  being  an  indi- 
vidual variation.  The  antero-internal  cusp  is  wider  antero-posteriorly 
in  the  temporary  teeth  than  in  the  permanent  set  and  the  bifid  character 
of  this  cusp  is  more  marked  in  the  former.  All  the  lower  milk  teeth  are 
narrower  and  longer  antero-posteriorly  than  the  permanent  teeth.  Both 
the  upper  and  lower  molars  of  the  deciduous  set  are  of  not  nearly  so 
great  vertical  length  as  those  of  the  later  series. 

The  Upper  Molars. 

Premolars  2,  3  and  4  are  molariform  and  Pm.  2  is  beginning  to  assume 
the  elongate  character  which  is  so  much  emphasized  in  the  living  horse. 
The  six  molars  (».  e.,  molars  and  molariform  premolars)  are  nearly  alike 
in  size  and  form.  "They  have  square  crowns,  wider  transversely  than 
broad  antero-posteriorly  and  both  these  measurements  greatly  exceed 
the  length.  The  crowns  consist  of  three  pairs  of  lobes — an  outer  and 
an  inner  pair  of  principal  lobes  and  a  much  smaller  pair  situated 
between  them,  the  secondary  or  accessory  lobes.  The  outer  lobes  are 
demi-conoidal  and  form  at  their  junction  a  narrow  buttress  externally. 
A  stronger  buttress  bounds  the  fore  part  of  the  anterior  of  the  two 
lobes.  A  tendency  to  the  development  of  a  buttress  is  seen  also  at  the 
back  part  of  the  posterior  of  these  lobes.  The  buttresses  expand  and 
are  conjoined  at  the  bottom  of  the  crown,  forming  together  a  pair  of 
arches  bounding  the  external  surfaces  of  the  outer  lobes.  These  sur- 
faces are  nearly  flat  and  are  divided  by  a  conspicuous  median  ridge. 
The  inner  surfaces  of  the  outer  lobes  are  prominently  or  almost  angu- 
larly convex.  The  inner  lobes  of  the  crown  are  simply  conical,  wider 
transversely  than  fore  and  aft  and  with  the  anterior  slightly  larger  than 
the  posterior.  The  median  lobes  are  not  more  than  half  the  size  of  the 
principal  ones  and  appear  as  prominent  folds  cur\'ing  outwardly  from 
the  inner  lobes  to  the  anterior  face  of  the  outer  lobes.  Elements  of  a 
basal  ridge  exist  at  the  fore  and  aft  parts  of  the  crown  and  at  the  outlet 
of  the  valley  separating  the  inner  lobes.  In  the  interval  posteriorly 
between  the  back  inner  and  outer  lobes  there  exists  a  tubercle  which  in 
association  with  the  contiguous  portions  of  the  basal  ridge  assumes  the 
dignity  of  a  sublobe."  In  Pm.  1  the  anterior  buttress  is  more  distinct 
or  separate  than  in  the  other  molars,  though  it  is  not  so  large.  The 
anterior  of  the  median  cusps  is  larger  than  the  posterior,  except  in  Pm.  2, 
which  is  peculiar  in  this  as  in  so  many  other  respects. 

The  teeth  of  the  temporary  set  present  the  following  difl'erences  from 
those  of  the  permanent  set  described  above  : 

1.  The  cusp  situated  between  the  outer  and  inner  posterior  lobes,  the 
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so-called  hypoBtyle,  is  leas  well  deyeloped  in  the  deeidumii  molan  tluii 
in  those  of  the  permanent  set. 

8.  D.  8  is  much  larger,  more  elongate  antero-posteriorlj,  more  com- 
plex, the  antero-extemal  Irattress  being  much  larger  and  more  distinct 
in  the  earlier  set.  It  is  so  large  that  it  might  almost  be  consideTOd  a  fifth 
principal  lobe. 

8.  The  median  accessory  lobes  (5  and  6)  are  more  conical  than  in  the 
permanent  set,  where  they  are  somewhat  appressed.  Hicm  lobes  in  the 
early  set  are  separated  by  a  distinct  notch  fh>m  the  internal  lobes. 

4.  The  transverse  ridges  are  more  nearly  conflnent  with  the  oat<v  wall 
of  tooth  in  most  of  specimens  in  the  temporary  set.  There  is^  however, 
great  individual  variation  in  regard  to  this  character. 

6.  In  the  adult  skull  all  the  molars  and  molariform  premolars  are 
much  wider  transversely  tluui  antero-posteriorly.  The  dedduooa  teeth 
are  more  nearly  square,  the  two  diameters  being  subequal. 

6.  The  buttress  on  the  antero-extenuU  lobe  of  tooth,  the  parastyle,  ia 
better  developed  in  the  milk  set. 

7.  D.  2  is  the  longest  tooth  of  the  milk  series  and  is  beginning  to 
assume  the  elongate  character  of  this  tooth  in  the  modem  horse,  while 
the  corresponding  tooth  of  the  permanent  set  is  smaller  than  any  of 
the  other  molar  teeth. 

8.  All  the  temporary  teeth  are  shorter  in  vertical  height  than  those  of 
the  permanent  set. 

The  Vertebral  Column. 

The  cervical  and  dorsal  vertebrce  have  already  beep  minutely  de- 
scribed. Tlie  lumbar  vertebrae  are  almost  certainly  five  in  number. 
The  centra  are  large  and  are  reniform  in  shape,  being  wide  transversely 
and  not  having  the  more  nearly  circular  outline  of  the  median  dorsal 
vertebne.  All  of  the  lumbars,  with  the  exception  of  the  last,  have  their 
centra  strongly  keeled.  The  centra  are  moderately  opisthocoelous.  The 
interlocking  character  of  the  vertebra  through  the  zygapophyses  is 
marked.  The  neural  spines  are  long,  transversely  compressed  and 
narrow  and  have  considerable  antero-posterior  extent.  They  are  all 
directed  forward  at  an  angle.  The  transverse  processes  are  well  devel- 
oped and  widely  expanded.  The  intervertebral  foramina  perforate  the 
])ases  of  the  neural  arches,  and  are  not  merely  notches  in  the  ends  of 
the  neural  arch  as  they  are  in  the  anterior  vertebra*  of  the  column.  The 
last  two  lumbar  vertebraj  have  their  transverse  processes  expanded 
almost  as  widely  as  those  of  the  first  sacral  itself,  and  the  transverse 
processes  of  the  fourth  lumbar  abut  against  those  of  the  fifth,  while  the 
latter  bears  on  the  posterior  surface  of  the  transverse  processes  deep 
concavities  for  the  corresponding  surfaces  of  the  anterior  end  of  sacrum. 
An  analogous  condition  is  seen  in  Eqims,  and  in  old  individuals  the  last 
two  lumbars  are  very  frequently  immovably  coossifled.  The  last  lumbar 
has  the  s)>ine  more  nearly  erect  tliau  that  of  the  penultimate  lumbar 
vertebra. 
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A  very  remarkable  character  of  the  lumbar  vertebrse  is  that  they  have 
spines  which  are  nearly,  if  not  qnite,  as  high  as  those  of  the  anterior 
dorsal  region,  which  in  the  horse  are  so  much  elongated.  In  the  latter 
the  lumbars  have  spines  which  are  lower,  more  nearly  erect,  of  more 
considerable  antero-posterior  extent  proportionately  and  are  much  less 
compressed  transversely. 

The  Sacrum. 

The  sacrum  of  M.  bairdi,  as  in  most  of  the  Ungulata,  consists  of  one 
broad  vertebra  joining  the  ilia,  followed  by  a  series  of  narrower  ones, 
gradually  diminishing  in  width  anchylosed  to  it  behind.  These  latter 
diminish  in  width  very  gradually.  In  living  Ungulates  the  number  of 
vertebrae  entering  into  the  formation  of  the  sacrum  varies  with  the  age 
of  the  individual  and  also  varies  in  individuals  of  p       a 

the  same  age. 

In  the  specimen  which  belongs  with  the  pelvis 
described  below  there  are  six  vertebrae.  This  is 
the  most  perfect  sacrum  of  M.  bairdi  yet  found, 
and  the  component  vertebrae  are  fortunately  well 
preserved  and  hardly  crushed  at  all  (see  Fig.  2 
and  Plate  xiii). 

The  first  or  true  sacral  vertebra  is  greatly  ex- 
panded transversely  and  bears  large  articular  sur- 
faces for  the  ilia. 

Anteriorly  there  are  large  convex  facets  which 
fit  into  the  corresponding  concavities  in  the  trans- 
verse processes  of  the  last  lumbar  vertebra.  The 
first  sacral  has  a  low  and  comparatively  wide  cen- 
trum. The  spine  is  very  high,  very  much  com-  ^^cbum  of  m.  bairdi,  i 
pressed  laterally,  as  are  all  the  spinous  processes  of  Inferior  view. 

the  vertebrae,  and  is  directed  strongly  forward,  while  in  the  modern 
horse  it  is  almost  vertical.  The  five  succeeding  vertebrae  have  trans- 
verse processes  which  are  not  so  widely  expanded,  the  centra  are  very 
much  depressed  and  the  neural  arches  are  low  and  gradually  decrease 
in  height  posteriorly.  This,  of  course,  conditions  the  size  of  the  neural 
canal,  which  in  this  region  is  very  much  attenuated.  The  expanded  trans- 
verse processes  of  the  contiguous  vertebrae  are  all  united,  so  that  they 
form  a  narrow  elongate  plate.  The  spine  of  the  second  sacral  is  gone,  but 
the  others  are  all  preserved.  That  of  the  third  is  almost  vertical,  while 
the  spines  of  the  three  posterior  sacrals  all  slope  backward  at  a  decided 
angle.  There  is  thus  a  very  abrupt  transition  in  the  direction  of  the  incli- 
nation of  the  spines  from  the  first  in  which  the  spine  projects  forward 
to  three  in  which  the  process  is  almost  vertical.  The  plale  formed  ])y 
the  anchylosis  of  the  centra  and  transverse  processes  of  the  vertebrse  is 
concave  inferiorly  or  curves  downward  posterior  to  first  sacral.  The 
sacrum  presents  inferiorly  the    foramina   for  the  five  pairs  of   sacral 
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nerves,  the  inferior  sacral  foramina,  while  aboTe  we  also  find  lateraDy 
between  the  neural  arches  of  the  contignoos  vertebrs  the  flye  palis  of 
the  superior  sacral  foramina. 

Meaiuremenit  of  the  Saerum.  mm. 

Length 116 

Extreme  width 64 

Width  third  sacral 28 

Width  fourth  do 81.5 

Widthflfth      do SO 

Thb  Caudals. 

The  few  caudal  yertebro  preserved  are  sufficient  to  give  us  a  general 
idea  of  the  character  of  the  tail.  The  first  caudal  has  very  widely  ex- 
panded transverse  processes  similar  t^  those  of  the  posterior  sacral  re- 
gion ;  the  centrum  is  oval  and  the  neural  arches  arise  at  a  very  great 
angle  enclosing  a  high  and  very  narrow  neural  canal.  The  transverse 
processes  are  of  considerable  antero-posterior  extent,  but  do  not  equal 
the  length  of  the  centrum  in  width  as  they  do  in  the  posterior  vertebra 
of  the  sacral  region.  It  is  not  possible  to  determine  how  many  of  the 
caudal  vertebrae  had  complete  arches,  because  of  incomplete  material. 
In  Equus*  the  spine  of  the  neural  arch  is  bifid  in  the  second  caudal  and 
the  arches  are  incomplete  on  the  third.  The  transverse  processes  gimdn- 
ally  become  shorter,  the  neural  arches  more  rudimentary  and  are  finally 
lost,  and  all  we  have  is  a  cylinder  of  bone  with  very  rudimentary  pro- 
cesses which  gradually  diminish  in  size.  Among  the  caudals  preserved 
is  one  of  these  last,  in  which  all  the  processes  are  very  feebly  developed. 
All  the  vertebnu  of  the  tail  are  in  general  like  those  of  the  horse,  and  in 
them,  as  in  most  all  of  the  anatomic^il  features,  we  see  a  foreshadowing 
of  what  the  future  horse  is  going  to  be. 

The  Sternum. 

With  the  almost  complete  skeleton  figured  in  the  restoration  of  M, 
hairdi  in  Plate  xlii  are  preserved  three  segments  of  the  sternum.  These 
are  the  xiphisternum  and  two  segments  of  the  mesostcrnum.  The 
former  is  ver}'  much  more  elongate  and  not  so  high  as  the  other  divisions 
of  the  sternum.  Anteriorly  it  is  about  twice  as  broad  as  high,  while 
posteriorly  it  is  very  much  flattened.  The  free  border  is  thin  and 
rounded  with  irregular  surface,  showing  where  cartilage  was  attached. 
Laterally  the  body  of  this  segment  as  of  all  the  other  is  concave.  The 
superior  border  is  almost  plane,  while  the  inferior  is  slightly  concave,  or 
the  free  end  may  be  said  to  project  slightly  downward. 

Tlie  next  segment  in  front  of  the  above  that  is  preserved  is  very  evi- 
dently the  penultimate  segment  of  the  mesosternum.  This  is  very  differ- 
ent in  shape  from  the  xiphisternum.    The  posterior  portion  is  wide  and 
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low,  while  anteriorly  it  is  much  Darrower  and  higher.  Both  superior  and 
inferior  surfaces  are  plane  and  the  aides  are  very  strongly  concave.  The 
third  segment  is  evidently  the  first  diviition  of  the  tnesoBternum,  and  is 
high  and  long  and  almost  trihedral  in  cross -section.  These  separate 
segments  of  the  sternum  are  not  cooBsifled,  and  the  surfaces  for  the  articu- 
lation of  the  sternal  carillageBof  ribearenot  well  shown.  From  the  por- 
tions of  sternnm  described  above  we  are  safe  in  assuming  that  there  were 
at  least  six  segments  in  the  sternum  of  M.  bairdi. 

The  Scapula. 
The  nearly  complete  skeleton  from  which  the  restoration  given  here- 
with is  made  fortunately  has  the  seapula  very  well  preserved,  and  this 
reveals  quite  an  Dnexpected  character,  viz.,  the  presence  of  a  distinct 
acromion.     The  only  other  Perissodactyl  known   to  have  retained  tbis 
process  is  Pachynolophus  (Orohippus)  of  the  Bridger  Eocene.    Mareh  * 
lias  described  it  in  this  genua  as  follows  :   "Tbe  scapula  has  a  prominent 
acromial   process,   which   is   com- 
pressed and  decurved  as  in  some  ^'K-  8- 
Carnivora."      Hesohippua   is    the 
only  Perissodactyl  known  to  have 
retained   this  process  until  Oligo- 
cene  times,  and  it  has  thus  been 
retained  longer  by  the  horses  than 
by  any  other  family  of  this  order. 
It  is  possible  that  future  discoveries 
may  also  reveal   the  presence  of  a 
clavicle  in   Mesohippus,  as  it  has 
been   discovered    In    tbe   contem- 
porary Oreodon  etilbertto7ii,\  and  in 
the  latter  genus  it  persists  until 
Deep  River  times,    where  it  has 
been  found  by  Prof.  Scolt  i  in  the 
form  which  he  has  called  Mesoreo- 
doD.      The    possession     by     both 
Mesohippns  and  Pachynolophus  of 
this  process  would  seem  to  jusiity 
as  in  regarding  tbe  latter  as  the 
.  Bridger  ancestor  of  the  horse  line 
of  which  Mesohippus  is  the  White 
River  representative.    The  scapula 
is  wider  in  proportion  to  its  height 
tlian  thstofEqune.    The  anterior 
margin  is  very  thin  and  strongly 
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convex,  while  the  poslerior  bor^t^r  is  oaXy  Blightly  ronnded  and  i«  vur; 
much  tlik'kcned,  a  character  that  has  been  retained  by  the  Equldie,  Tj'lri- 
poda,  Pecora  aod  Suina.  bnl  lias  been  loet  in  the  Taptridce  and  Ithianccr' 
otkUe.  The  epine  of  the  scapula  is  very  high  and  seems  to  cKtend  near))'  or 
qnlt«  to  the  vertebrnl  border.  It  is  mueh  Dearer  to  the  anterior  border  tUaii 
the  posterior,  thus  making  the  prescapulur  fusea  much  smaller  than  tlie 
poet  scapular, 

Tlie  spine  boromes  gradually  more  prominent  towards  the  middle  por- 
tion, at  which  point  it  seems  to  have  been  highest  and  the  edge  wns  here 
atrODgl;  retroverled  as  in  Tnpirus  and  Hliinoeeros.  From  this  poinl  it 
dflcrcaBes  in  height  towards  the  vertebral  border. 

The  acromion  is  stylirorin  in  shape,  Is  compressed  a ntero -posteriorly 
Mid  extends  outward  and  downward,  but  does  not  quite  reach  the  lere) 
of  the  glenoid  t^vity.  It  resembles  in  shape  that  ol'  the  i.'ainel  and 
llama,  but  difl'ers  from  tliese  in  that  tliey  are  more  atendor,  mure  nearly 
perpcnclieular  and  extend  nearly  or  quite  to  the  level  of  the  glenoid 
cavity.  The  process  gra<lually  tapers  towards  the  free  end,  whicti  Is 
somH?what  rounded.  The  neck  of  the  scapula  Is  very  much  constricted 
and  ia  comparatively  long.  The  glenoid  cavity  is  quite  deeply  ux- 
CttTated,  is  very  slightly  elongate  antero-posteriorly  and  has  a  well-dv- 
flned  rim. 

Tlu  coracoid  process  la  strong,  cnirea  Inwardly  and  to  allghlljr 
retToverted. 

tfeatiiremenU  of  Scapula.  MM. 

1.  Extreme  length 186 

2,  Width  of  neck 18 

8.  Width  of  distal  end 88 

4.  Extreme  width 14 

0.  Width  at  highest  point  of  spine 74 

6,  Width  of  supra-spinous  fossa  here  25 

7.  Width  of  infra-spinoQS  fossa  here 40 

Meaturementi  of  Scapula  of  Eqvttt*  hh. 

1.  Extreme  length 414 

2.  Width  of  neck 78 

3.  Width  of  distal  end 107 

4.  Extreme  width 186 

6.  Width  at  highest  point  of  spine 148 

U.  Width  of  supra-spinous  fossa  here 48 

7.  Width  of  infra-spinons  fossa  here 98 


These  measurements  show  the  scapula  of  M.  bairdi  to  have  been  pro- 
portionately more  expanded  superiorly  than  that  of  the  horse  and  at  the 
same  time  the  neck  is  proportionately  more  contracted  than  iu  the  latter. 

•Ko.  SSS, 


159 


Fig.  4. 


Thk  Pelvis  (No.  11876). 

The  pelvis  a  equine  \a  all  Its  characlers  aod  very  much  like  that  of  the 
modern  horae  with  some  characteristic  points  of  difference.  The  speci- 
men described  below  is  the  Hrst  pelvis  of  Me»oh\ppu»  bairdi  that  lias  ever 
heea  found  showing  all  the  characters,  hcing  almost  perfect.  See  Fig, 
4,  and  Plate  xiii.  It  was  discovered  hy 
Hr.  J.  W.  Oidlej  during  the  past  sum- 
mer in  the  loner  Oreodon  beds. 

The  most  striking  difference  between 
the  pelvis  of  M.  bairdi  and  tUat  of  the 
horse  is  that  the  former  is  narrower  in 
proportion  to  its  length  than  that  of 
Equus. 

The  great  breadth  of  the  pelvis  an- 
teriorly in  the  latter  is  owing  to  the  very 
great  lateral  expansion  of  the  ilia,  while 
in  the  earlier  genus  they  are  propor- 
tionately less  widely  expanded.  The  ilia 
directly  in  front  of  the  acetabulum  are 
slender  in  their  proportions  and  expand 
more  gradually  than  iu  the  horse,  so  that 
they  are  longer  in  proportion  to  their 
width  than  in  the  latter.  The  bone  is 
widely  expanded  superiorly  and  the  angle  above  the  point  of  articulation 
of  the  ilium  with  the  sacrum  curves  upward  and  outward,  and  the  free 
cod  is  thickened  and  somewhat  mgose.  This  upward  and  outward  ex- 
pansion of  angle  makes  the  external  border  of  superior  aspect  of  the 
ilium  concave.  The  crest  is  more  slender  and  elongate  comparatively 
than  in  Equus  and  is  strongly  everted.  The  border  of  the  ilium  between 
the  angle  and  the  crest  is  very  thin  and  strongly  concave.  The  whole 
anterior  expanded  portion  is  thin  except  along  the  outer  or  lower 
border.  The  posterior  border  of  the  angle  above  the  point  of  articula- 
tion of  the  sacrum  is  also  slightly  thickened.  The  sacral  border  of  the 
ilium  is  large  and  extends  high  above  the  articular  facet  for  the  sacral 
vertebrffi  forming  the  angle.  The  ilia  as  well  as  the  long  axis  of  pelvis 
are  directed  downward  at  an  angle  from  the  vertebral  column.  The 
acetabulam  is  an  elongate  oval  In  shape  and  its  borders  are  elevated  and 
well-defined.  The  border  is  incomplete  below  owing  to  the  encroach. 
Dient  of  the  pit  for  the  ligamentum  teres  on  the  acetabular  fossa.  This 
is  less  emphasized,  however,  than  in  the  horse.  The  pit  for  the  liga- 
mentum teres  is  quite  deep. 

The  ischium  is  straight  and  on  a  line  with  the  long  axis  of  the  ilium. 
The  bone  curves  outwardly  posteriorly,  but  docs  not  curve  upward  as  in 
the  horse.  The  posterior  border  is  expanded  and  thickened  outwardly 
where  It  ends  in  a  stout  process,  the  tuberosity  of  the  ischium.  The  in- 
ternal border  posteriorly  is  deflected  towards  the  median  line  and  meets 


»!  1«0 

ita  (bilow  of  tho  oppodU aide mt  this  p<riiit  forming  part  of  Ilic  RymphysiB. 
AboTethauetaboltun  the  border  of  bone  is  liigliftnd  rounded,  hut  is  n 
aharp  «nd  uignUr  M  la  the  hone.  The  olitu  rat  or  foramen  in  the  pelri 
of  the  Utter  te  ronoded  and  shorter  In  proportion  to  its  wi^ih  than  ii 
Jf.  bairM,  bdog  onlf  gligbtlj  elongate,  wliile  in  tht  species  ttnder  c 
deration  the  foramen  la  narrow  and  rcry  luucli  cloDgtiied.  ilie  length 
equaling  twice  the  breadth.  This  condiiions  the  Bhupe  of  the  posterior 
portion  of  iBcblmn,  which  in  M.  baird4  ti<ic»  not  extend  far  back  of  the 
poaterior  border  of  obtnrattw  foramen,  wliile  in  Equue  ihe  ischium  forms 
a  large  expanded  plate  poaterior  to  the  Oliiiii 

The  paUa  is  elongate,  flattened  ftom  above  dowumtd  and  Imgolariy 
trUngiUar  In  shape.  The  portion  of  pabla  neareat  th«  acotabnliiM  Is 
almost  round  tn  cross -section,  while  in  the  horse  the  rorrcspnnding  {Hir- 
tion,  as  In  ihct  the  entire  pubis.  Is  very  much  more  flaliened.  It  mt^etf 
ita  fellow  of  the  opposite  side  in  the  median  line  forming  the  Anterior 
part  of  ^^*  aymphjela  with  the  baaes  of  the  ttlangleH  applied  together 
TheaymphyslBisformedhybothpubes  and  iscbia  conjointly.  lbefunnt>r 
constitnting  the  anterior  and  larger  part  while  the  it>chia  form  the  pOBtp' 
rlor  part.  Fnsion  of  the  pnbes  Is  so  complete  that  no  trace  of  a  suture 
remalna,  while  the  Ischia  are  not  ancbjlosed  togeiiier.  Ttic  nntcrtKr 
part  of  the  symphysis  is  flattened  In  the  form  of  n  lurge  plnTo,  wliicli 
beara  Inferlorly  In  the  median  line  a  prominent  aplne.  All  the  {HOoeMta 
for  mnscnlar  attachmenta  are  less  strong  and  rugose  than  in  the  hone. 
The  pelvic  foremen  (or  cavity)  is  longer  in  proportion  to  the  breadth  In 
M.  bairdi  than  in  the  home,  being  a  tittle  longer  than  broad,  while  in 
the  latter  (he  pelvic  outlel  is  broader  than  long.  In  HeaohippuB  the 
length  <or  vertical  height)  is  abuut  05  mm.  and  (he  breadth  60  mm., 
while  in  the  horse  the  reverse  condilion  obtains  and  we  find  a  length 
of  only  174  mm.  as  compared  with  a  width  of  199  mm,* 

Uther  measurements  of  the  pelvis  are  as  follows : 

1.  Extreme  length 909 

3.  Length  of  acetabular  cavity 26 

3.  Length  of  symphysis 68 

4.  Extreme  width  of  ischia 74 

6.  Width  at  acetabulum 108 

6.  From  top  of  angle  lo  outer  point  of  crest 89 

7.  From  anterior  border  of  acetabulum  to  point  midway 

between  angle  and  crest 74 

Restoration  of  M.  bairdi  (Pl.  sui). 

In  1870,  Prof  Marsh, -f-  in  giving  the  genealogy  of  the  horse,  brought 
out  (he  fact  (hat  the  chief  modiflcations  through  which  the  horse  passes 
in  its  evolution  are  (he  following  : 

1.  Progressive  increase  in  the  length  of  teeth  and  in  their  complezily, 
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from  a  very  short-crowned  tooth  with  distinct  roots,  to  one  with  very 
long  crown  in  which  roots  are  not  formed  till  animal  becomes  adult. 

2.  The  gradual  lengthening  of  the  limb  bones  with  the  suppression  of 
the  lateral  digits  and  the  concentration  of  the  growth  force  m  metapo- 
dial  iii,  producing  ultimately  a  monodactyl  foot  from  a  pentadactyl 
ancestor. 

8.  The  continued  reduction  of  ulna  and  fibula  and  their  ultimate 
coalescence  with  the  radius  and  tibia. 

4.  Gradual  increase  in  size  from  an  animal  not  larger  than  a  fox  up  to 
the  modern  horse. 

Mesohippus  bairdi  is  an  interesting  intermediate  stage  in  the  evolution 
of  the  horse ;  though  primitive  in  many  respects,  it  had  already  made 
considerable  advance  over  its  Uinta  predecessor. 

The  restoration  here  given  is  made  from  a  nearly  perfect  skeleton 
which  enables  us  to  make  some  improvements  on  the  one  already  given,* 
which,  however,  was  as  good  as  could  be  made  with  the  material  then 
available. 

The  lumbar  vertebrae,  sacrum,  pelvis  and  a  few  of  the  posterior  dor- 
sals are  from  another  individual  reduced  to  proportion.  PaH  of  the 
skull  is  also  restored  from  another  specimen. 

Mesohippus  occupies  a  position  about  midway  in  the  line  of  descent  of 
the  horse  series.  It  presents  the  following  advances  over  its  Bridger 
predecessor,  Pachynolophus. 

1.  The  teeth  are  longer  (vertically)  and  more  complex,  the  interme- 
diate cusps  are  better  developed,  and  the  transverse  ridges  are  likewise 
better  developed  and  more  nearly  confluent  with  outer  wall  of  tooth. 

2.  The  lateral  metapodials  are  more  reduced  comparatively,  and  meta- 
podial  iii  is  much  larger.  In  the  Bridger  form  the  phalanges  of  the 
fifth  digit  are  present,  but  M,  bairdi  has  lost  these. 

8.  Both  the  ulna  and  fibula  are  more  reduced  than  in  the  earlier  form 

4.  In  M.  bairdi,  Pms.  2-4  are  molariform,  while  in  Pachynolophus 
Pm.  4  only  is  molariform  and  is  smaller  than  true  molars.  Epihippus, 
the  Uinta  representative  of  the  series,  has  Pms.  3  and  4  molariform,  and 
this  is  the  only  generic  distinction  between  the  Bridger  and  Uinta 
genera. 

The  orbit  is  commencing  to  retreat,  though  it  is  still  over  the  molars, 
the  anterior  border  being  directly  over  the  posterior  half  of  M.  1.  In  the 
horse  it  is  situated  posterior  to  molar  series,  and  we  can  trace  a  gradual 
transition  in  the  position  of  orbit  up  through  the  difierent  genera  from 
Mesohippus  to  Equus.  This  shifting  backward  of  the  orbit  brings 
about  a  gradual  elongation  of  the  facial  region  of  the  skull.  The  alve- 
olar border  of  the  maxillaries  is  low,  this  of  course  being  associated  with 
low-crowned,  short-rooted  teeth. 

From  the  character  of  the  teeth  we  may  judge  of  the  life  habits  of 
the  animal.    The  teeth  of  the  modern  horse  have  very  long  crowns 

^Jmum,  (tfMorph.,  Vol.  v,  No.  3,  p.  837. 
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(hypsodont),  grow  from  persistent  pulps  and  do  not  form  distinct  roots 
until  the  animal  is  quite  old,  not  until  a  length  of  crown  is  attained 
which  under  normal  conditions  will  afford  sufficient  grinding  surface  for 
an  average  lifetime.  As  the  teeth  wear  oflf  by  attrition  the  loss  is 
replaced  by  growth,  and  growth  and  wear  proceed  pari-passu  until  the 
animal  becomes  adult. 

The  little  Mesohippus,  with  its  short-crowned  (brachyodont)  teeth, 
inserted  by  distinct  roots,  must  therefore  have  fed  on  succulent  plants 
that  grew  in  swampy,  marshy  land — as  if  subjected  to  wear  necessitated 
by  the  mastication  of  the  hard,  silicious  grasses  of  Miocene  times,  the 
teeth  would  soon  have  worn  out  entirely  and  the  animal  would  have 
succumbed  to  starvation.  In  most  of  the  specimens  found  the  teeth  are 
only  moderately  abraided. 

The  feet,  too,  being  tridactyl  are  adapted  to  progression  along  the 
oozy  shore  of  rivers  or  to  swampy,  marshy  ground  as  the  toes  would 
spread  and  thus  support  the  animal  in  the  mud,  while  the  monodactyl 
foot  of  the  horse  is  preeminently  adapted  for  rapid  locomotion  over  the 
grassy  plains.  This  would  seem  to  prove  that  the  life  habits  of  the  ani- 
mal have  changed  very  greatly  during  its  evolution.  Many  of  the 
White  River  animals  were  adapted  by  their  anatomical  structure  to  life 
in  swamps.  Some  w^ere  at  least  semi-aquatic  in  their  habits,  as  is  denoted 
by  the  position  of  the  posterior  nares,  which  in  some  forms  are  removed 
very  far  backward,  e.  g.,  Ancodus. 

The  skull  is  equine  in  its  clmracters,  but  is  still  quite  small  and  the 
facial  region  is  short.     The  orbit  is  not  enclosed  beliind. 

The  neck  is  long,  and,  as  in  the  liorse,  tliese  vertebra*  are  larger  than 
those  of  the  dorsal  region  of  the  column.  The  processes  are  not  so  mas- 
sive as  in  Eqiiiis,  but  are  quite  as  complex  and  are  very  well  developed. 
The  spines  of  the  dorsal  verte])ne  are  not  so  high  as  we  should  expect, 
and  very  evidently  J/,  buirdi  did  not  have  any  great  elevation  of  the 
anterior  dorsal  region.  The  modern  horse  is  much  higher  at  the  withers 
than  at  tlie  haunches.  Tlie  spines  of  tlie  lumbar  vertebne  are  very 
high  and  incline  forward  at  quite  an  angle.  There  is  a  very  abrupt 
transition  in  height  of  sj)ines  from  Ihe  first  sacral,  which  has  a  very 
liigh  spine  to  third  sacral,  which  has  a  very  much  lower  spine, 
though  it  is  still  nuich  compressed  laterally.  Six  vertebra'  take  part 
in  the  formation  of  the  sacrum.  The  centra  of  the  first  few  caudals 
are  flat  with  wide  transverse  processes,  but  these,  as  well  as  all  the  other 
processes,  gradually  become  suppressed  and  the  neural  arches  disappear 
so  that  the  lower  caudals  are  nu'rely  cylinders  of  bone.  It  is  impossible 
to  determine  the  exact  number  of  vertebra'  taking  part  in  the  formation 
of  the  tail,  l)Ut  it  is  fair  to  imagine  that  it  had  one  at  least  as  long  pro 
]>ortionalely  as  the  horse. 

The  scapula  is  remarkable  for  the  persistence  of  the  acromion  process, 
in  which  character  it  is  unique  among  all  Perissotlactyls,  with  the  excep- 
tion of  Pachynolophus  (Orohippus)  of  the  Bridger.     The  spine  is  better 
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developed,  the  bone  is  lower  and  broader,  the  neck  is  more  constricted 
proportionately  than  in  the  horse.  In  the  latter  the  anterior  border  of 
the  scapula  is  not  rounded  as  in  Mesohippus.  The  ulna  is  very  much 
reduced  in  M.  bairdi,  and  the  radius  is  enlarged  to  sustain  the  weight  of 
body.  The  ulna  is  distinct  from  the  radius  through  the  whole  of  its  ex- 
tent, the  two  bones  not  being  coossified  even  in  old  individuals.  Below 
the  proximal  half  the  bone  is  much  compressed  and  tapers  rapidly  to- 
wacd  the  distal  end.  This  gives  it  a  frail  character  so  that  it  is  almost 
always  broken  away  in  fossilization,  and  only  recently  have  specimens 
been  found  which  permit  an  accurate  determination  of  its  character. 
The  distal  end  is  not  compressed  as  it  is  higher  up,  but  is  round  in  cross- 
section  and  bears  a  facet  for  the  cuneiform.  A  rudiment  of  the  fifth  meta- 
carpal persists.  All  the  metacaipals  and  their  phalanges  are  somewhat 
shorter  and  less  massive  than  the  metatarsals  and  the  phalanges  of  the 
hind  foot.  The  pelvis  is  thoroughly  equine  and  yet  differs  in  many 
minor  characters  from  that  of  the  horse.  It  is  narrower  in  proportion  to 
its  length  than  that  of  the  latter.  The  ilia  expand  less  abruptly,  the  crest 
is  narrower  and  more  elongate  proportionately,  and  the  ischia  do  not 
bend  upward  posteriorly  as  in  the  horse,  but  are  in  a  straight  line 
with  the  long  axis  of  the  ilia.  The  obturator  foramen  is  more  elongate 
and  narrower  transversely,  and  the  pelvic  outlet  is  higher  and  narrower 
proportionately  than  in  the  modern  equine. 

The  fibula  was  complete  in  M.  bairdi  ;  was  very  much  reduced  in  size 
and  was  coossified  with  the  tibia.  The  proximal  end  is  quite  small,  the 
shaft  is  filiform,  while  the  distal  end  alone  is  quite  large  and  forms  the 
external  malleolus  articulating  with  the  astragalus,  and  in  extreme  ex- 
tension of  the  foot  also  with  the  calcaneum.  The  fibula  remains  com- 
plete until  John  Day  times,  for  in  Mesohippus  (Anchitherium)  prcBStans 
Cope  from  this  formation  it  is  retained  in  its  entirety. 

The  hind  limbs  are  much  longer  than  the  fore  limbs,  more  so  propor- 
tionately than  in  the  horse,  so  that  the  rump  must  have  been  much  ele- 
vated above  the  withers  if  the  different  elements  of  the  limb  were  not 
very  much  more  flexed  on  each  other  than  would  seem  justifiable,  judg- 
ing from  recent  animals.  Many  of  the  White  River  animals  had  a  curved 
arched  back  instead  of  a  straight  back  as  in  the  horse,  e.  g.,  Hysenodon, 
Lieptomeryx,  etc.  This  is  shown  by  the  character  of  the  centra  of  the  ver- 
tebne.  The  great  individual  variations  met  with  in  Af.  bairdi  have  been 
noticed  by  every  investigator  who  has  studied  a  series  of  specimens  of 
this  species.  These  variations  are  principally  in  the  limbs  and  teeth. 
Some  of  these  have  already  been  noted.  In  several  individuals  the 
three  cuneiforms  of  tarsus  are  all  coossified  into  a  single  compound 
caneiform.    Usually  the  ento-  and  meso -cuneiforms  are  united. 

There  is  usually  a  moderately  large  contact  of  metatarsal  iii  with 
the  cnboid,  this  latter  usually  extending  below  the  level  of  the  ecto- 
caneiform,  so  that  all  contact  of  metatarsal  iii  with  cuboid  is  lateral. 
In  some  specimens  there  is  a  slight  extension  outwardly  of  the  proximal 
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end  of  M.  iii  and  the  coboid  is  slightly  flhorter,  to  that  it  urtieiilatM 
with  the  distal  end  of  cuboid  instead  of  being  confined  to  mere  lateiml 
contact.  The  &ntero-internal  angle  6f  cnboid  is  accordingly  ■dmewhat 
modified  in  shape  to  correspond  wjth  the  changed  outline  of  metapodlal 
iii.  This  is  a  tendency  in  the  direction  of  M.  imU/m^vM  of  the  Pro- 
toceras  beds,  and  a  foreshadowing  of  the  condition  in  the  moderii  hone 
which  has  such  a  large  flM^et  on  the  cuboid  for  the  widely  expanded  proxi- 
mal end  of  metatarsal  iii.  Between  this  condition  and  that  where  there 
is  only  lateral  contact  with  the  cuboid,  we  find  all  the  intermediate 
stages.  Again,  there  is  a  great  deal  of  variation  in  the  lelatiTe  propor- 
tions of  the  lateral  digits  to  each  other,  and  in  the  relation  they  bear  to  the 
median  digit.  Sometimes  the  lateral  digits  are  not  much  reduced  and 
are  snbequal  in  size,  while  again  we  find  the  lateral  digits  Teiy  modi 
reduced,  and  Mt.  iv,  at  least  prozimally,  is  usually  larger  than  Mt.  iL  - 

In  V,  hairdi  usually  there^  is  no  confiuence  of  posterior  tranirerM 
crest  with  the  outer  wall  of  tooth,  usually  separated  flxmi  it  by  a  large 
interral,  but  occasionally  we  get  an  individual  in  which  th^re  is  actual 
confiuence,  and  we  get  all  stages  jntermediate  between  theee  two  ex- 
t  tremes.  We  get  individuals  where^  the  interval  between  outer  end  of 
transverse  crest  and  outer  wall  is  less,  and,  ag^ain,  others  in  which  there 
is  a  small  process  Jutting  inward  firokn  the  point  of  union  of  outer  lobes, 
toward  the  transverse  crest,  these  separated  by  a  very  small  Interval, 
and  then  we  get  complete  confluence.  These  highly  specialized  forms 
were,  of  course,  not  ancestrarl,  but  were  prematurely* modernized  and 
left  no  descendants.  However,  these  individuals  most  specialized  occur 
highest  up  in  the  beds,  showing  that  these  variations  are  attempts  in  the 
way  of  evolution. 

Mesohippus  Copei. 

■ 

This  is  a  new  species  of  horse  from  the  White  River,  which  has  just 
been  described  by  Osborn  and  Wortman.*  In  their  description  of  the 
type  no  specific  characters  other  tlian  those  of  size  are  given,  by  which 
it  may  be  distinguished  from  the  two  other  species  from  this  horizon. 
This  species  was  founded  upon  a  complete  half  of  a  pelvis,  femur,  tibia 
and  part  of  a  hind  foot,  together  with  a  median  metatarsal  and  one  lat- 
eral metatarsal  of  another  individual,  a  collateral  type.  "These  re- 
mains indicate  an  animal  of  much  larger  size  than  those  of  M.  interme- 
diu$,  and,  so  far  as  we  know,  is  the  largest  horse  of  the  White  River 
epoch,  even  larger  than  Mesohippus  {AnchitheHum)  prcsstans  of  the 
John  Day.''  The  species  is  undoubtedly  well  founded,  but  the  material 
in  the  Am.  Museum  did  not  permit  the  establishment  of  gOf>d  specific 
characters.  I  have  studied  carefully  the  material  upon  which  the  species 
is  founded  and  have  been  able  to  refer  some  material  in  the  Princeton 
Collection  to  this  species.    This  material  consists  of  the  distal  end  of  a 
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femur,  tibia  and  almost  complete  hind  foot,  and  enables  me  to  give  some 
further  characters  of  the  species.  M.  copei  differs  from  M.  bairdi  in  the 
following  respects :  (1)  The  lateral  metapodials  curve  outwardly  quite 
sharply  distally  and  the  toes  were  thus  more  spreading  than  in  M.  bairdi 
(see  Fig.  5).  (2)  The  meso-cuneiform  is  proportionately  less  deep  than 
the  ecto-cuneiform  than  in  M.  bairdi.  (3)  The  carina  or  median  keel  of 
the  distal  end  of  metatarsal  iii,  which  in  the  smaller  species  is  almost 
entirely  confined  to  the  plantar  surface  of  the  bone,  in  3£.  copei  extends 
far  up  in  the  dorsal  surface  of  the  distal  end  of  the  bone.  (4)  The  lat- 
eral metapodials  are  comparatively  shorter  than  the  median  metapodial, 
so  much  so  that  the  ungual  phalanges  could  scarcely  have  been  func- 
tional at  all,  and  this  form  had  progressed  farther  toward  monodactylism 
than  any  other  known  form  from  the  White  River.  (5)  The  combined 
depth  of  the  navicular  and  ecto-cuneiform  was  greater  than  in  if.  bairdi, 
and  greatly  exceeded  that  of  M.  intermedins.  (0)  The  cuboid  did  not 
extend  below  the  level  of  the  ecto-cuneiform.  Metatarsal  iii  was  borne 
by  the  latter  alone  and  did  not  extend  over  on  the  cuboid,  so  that  ante- 
riorly there  is  no  contact  of  these  two  bones  either  lateral  or  distal  as  in 
both  the  other  species. 

The  ti^ia  is  about  one  and  one-half  times  as  long  as  that  of  M.  bairdi, 
and  is  proportionately  much  stouter. 

The  shaft  is  very  long,  even  longer  than  that  of  the  John  Day  species, 
but  is  more  slender,  and  seen  from  the  side  it  presents  the  characteristic 
sigmoid  curve.  The  cnemial  crest  is  very  high,  curves  slightly  outward 
and  has  the  usual  tendlnal  sulcus  on  its  outer  border.  It  extends  farther 
down  on  the  shaft  than  in  M.  bairdi.  The  proximal  surface  is  very  much 
more  rugose  than  in  the  latter.  The  femoral  facets  slope  downward  and 
backward  at  quite  an  angle.  The  outer  facet  is  convex  antero-pos- 
teriorly  and  concave  transversely.  The  inner  facet  is  concave  antero- 
posteriorly  and  convex  transversely.  The  distal  end  of  tibia  is  turned 
slightly  outward.  The  distal  end  of  tibia  and  fibula  together  are  pro- 
portionately wider  than  those  of  if.  bairdi.  The  facets  for  the  trochlear 
surface  of  astragalus  are  deeply  incised,  are  oblique  in  position  and  are 
separated  by  a  high  intertrochlear  ridge. 

The  proximal  end  of  the  fibula  is  not  preserved,  but  the  very  large 
distal  end  and  a  portion  of  the  shaft  persists.  Rugosities  on  the  outer 
border  of  tibia  indicate  that  it  was  complete  and  closely  applied  to  the 
latter.  The  portion  of  the  shaft  preserved  is  very  much  reduced.  The 
expanded  distal  end  forms  the  external  malleolus  and  bears  the  two 
usual  facets. 

The  tarsus  presents  striking  differences  from  that  of  Af.  bairdi,  and 
can  best  be  described  by  instituting  a  comparison  between  it  and  the 
latter. 

The  calcaneum  is  stouter  and  more  massive,  but  has  about  tlie  same 
relative  proportions  as  in  if.  bairdi.  The  tuber  calcis  is  large  and  rugose 
for  the  insertion  of  the  tendo  Achillis.     The  tuberosity  is  quite  high 
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With  lU  iolbilor  .border  lUghtly  convex.  The  ujipcr  ItonU-r  is  hmkcn 
»w»y.  The  tnbemsily  is  luiich  thirkcr  nnd  more  m»«- 
■Ire  UukB  Ib  th*?  smaller  species,  where  &11  the  booes 
»re  gncefliU;  cliaped.  The  siisiuntMculuni  U  Tety 
■troagi)'  deTeloped  and  bears  a  large  f»cct  for  lUe  ms- 
tngkliu,  whkh  facet  is  elongately  oval  in  shape.  Tho 
craat  formed  by  the  auperinr  or  ectal  Hstnigalar  fnrpt 
Is  broken  off  fco  that  Us  cbnracter  cannot  1>e  dciet- 
nUned,  There  h  a  slight  pmloDgHtion  ofibis  fai-vt  an- 
tero-extemallj  wJiicii  is  snmcwhst  more  emphaeixcd 
Uun  in  the  Binulk-r  species.  The  inferitir  facel  U 
near  the  dhiUl  coiX.  and  is  the  Bmallest  of  nil  tbe 
ftcetB  of  cUcftneiim,  and  doeR  not  eitcnd  far  hack 
(h>iiithedlatal<!nd— ehiDgaielnsihape.  The  fueet  Tor 
thecaboldb  Urge,  occupying  all  the  dial nl  radof  tlic 
bone  which  is  more  obliquely  truncttted  llwu  usual. 
The  Bbape  la  triangular  with  the  apex  towards  ibo 
■luteiitacnliim. 

The  astragalus  is  merely  on  eolargtid  copy  of  that 
of  Jf.  hrirdiwllhscmediffereoceaofdeUil,  itbpro- 
portlooately  bi-imder.  The  trochlea  is  more  wiiicly 
openSDd  the  condyles  «re  higher  and  lliickcr.  The 
neck  Is  of  abODt  the  samo  relative  proportions  as  in 
Jf.  bairdi.  The  internal  condyle  as  osoal  is  the 
longer  of  the  tvo  and  anteriorly  slightly  oTerhangs 
the  navicular  fiicet  while  in  the  Binaller  species  it  doea 
not  quite  reach  It.  The  oaler  condyle  is  very  much 
shorter  thao  the  inner  and  is  separated  from  the  naTi- 
hirt  Foot  of  cular  facet  by  qnite  an  interval. 
ii.Coni,%,  The  Davicular  is  a  flat  booe,  is  wide  truDSverBely 

and  seems  proportionately  higher  than  In  Jf.  bairdi. 
The  proximal  articular  surface  is  strongly  concave  antero-poete- 
riorly  for  the  corresponding  surface  of  astragalus.  Posteriorly  there 
are  two  elevations  on  the  inner  and  outer  borders  respectively,  be- 
tween which  is  u  wide  and  shallow  depression  for  the  projection  on 
the  inferior  murgln  of  distal  surface  of  the  astragalus.  The  exter- 
nal margin  of  this  latter  projects  strongly  downward,  extending 
around  the  outer  edge  of  navicular.  These  two  chamcten  make 
a  very  close  interlocking  joint  so  that  there  is  scarcely  any  direct  lateral 
movement  possible.  This  interlocking  is  not  qnite  so  complete,  how- 
ever, as  in  M.  bairdi,  as  in  this  latter  the  external  margin  of  Inferior  Bnr- 
fbce  of  astragalus  extends  farther  down  on  outside  border  of  navlcnlar. 
This  outside  projecting  border  is  in  the  form  of  a  crest  which  is  placed 
obliquely  on  bone  and  limits  the  direction  of  the  movement  of  the  two 
bones  taking  part  in  this  articulation  on  each  other  to  an  oblique  motion. 
The  distal  surface  of  bone  presents  a  large  triangular  facet  (br  ecto-conel- 
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form.  Coalescing  with  apex  of  above  is  a  facet  extending  up  on  posterior 
border  of  bone,  which  articulates  with  cuboid.  On  the  proximal  surface 
there  is  a  small  facet  on  the  antero-external  comer  of  bone,  which  articu- 
lates with  the  calcaneum  by  a  small  facet  just  above  the  inferior  astraga- 
lar  facet  and  which  seems  to  be  a  part  of  the  latter,  but  on  close  exami- 
nation proves  to  be  a  distinct  facet.  In  M.  hairdi  the  navicular  just 
touches  the  calcaneum,  but  does  not  have  such  distinctly  marked  facets. 
This  character  is  seen  in  some  individuals,  but  in  all  observed  specimens 
the  contact  is  smaller. 

The  ecto-cuneiform  is  high  and  massive,  the  breadth  being  twice  the 
height.  The  proximal  facet  for  navicular  is  concave,  both  antero-pos- 
teriorly  and  transversely.  The  inferior  (or  distal)  facet  is  concave  in 
both  these  directions.  On  the  external  side  it  abuts  against  the  cuboid, 
and  this  latter  seems  to  have  been  just  equal  in  length  to  the  combined 
length  of  ecto-cuneiform  and  navicular.  It  bears  no  facet  either  lateral 
or  proximal  for  metatarsal  iv. 

The  coossified  en  to-  and  meso-cuneiforms  show  an  emphasized  condition 
of  that  of  M.  hairdiy  in  that  the  tendency  of  the  distal  row  of  tarsal  bones 
to  form  a  closed  circle  is  more  marked  here.  The  portion  representing 
meso-cuneiform  bears  most  all  of  the  proximal  end  of  metatarsal  ii.  The 
ento-cuneiform  is  high  and  compressed  transversely  and  curves  strongly 
backward  and  around  towards  the  other  side  of  foot.  On  its  inferior 
surface  it  bears  a  facet  at  its  point  of  contact  with  metatarsal  ii. 

The  metatarsus  of  if.  hairdi  exhibits  the  following  characters :  (1)  The 
cuboid  which  bears  metatarsal  iv  extends  down  below  the  external 
cuneiform  which  bears  M.  iii.  (2)  The  meso-cuneiform  does  not  quite 
reach  to  level  of  the  ecto-cuneiform.  From  this  it  results  that  M.  iv 
does  not  quite  reach  up  to  level  of  M.  iii,  while  M.  ii  reaches  above  the 
latter.  In  M.  eopei,  M.  iv  extends  quite  up  to  the  level  of  M.  iii,  while 
the  meso-cuneiform  is  not  so  deep  proportionately  as  in  the  smaller 
species.  Metatarsal  iv  is  proximally  much  less  reduced  than  M.  ii,  but 
tapers  to  about  the  same  size  distally.  It  is  borne  entirely  by  cuboid. 
The  disproportion  in  size  of  the  proximal  ends  of  the  two  lateral  meta- 
podials  can  hardly  be  more  than  an  individual  character,  as  we  find  all 
degrees  of  difference  in  the  relative  sizes  of  the  two  lateral  digits  in  the 
smaller  species. 

In  some  specimens  the  two  lateral  digits  are  of  the  same  size,  in  others 
snbequal  with  the  ivth  slightly  the  larger  and  in  others  this  digit  is 
very  much  larger  than  ii.  One  individual  exhibits  the  very  peculiar 
character  of  having  the  lateral  metapodials  of  the  same  size  on  one  foot, 
while  in  the  opposite  foot  the  fourth  metatarsal  is  much  larger  than  the 
second. 

Metatarsal  ii  is  slightly  less  reduced  than  in  the  average  individual  of 
M,  hairdi,  Proximally  it  bears  a  large  concave  facet  for  the  meso-cunei- 
form and  posteriorly  there  is  a  small  facet  by  which  it  abuts  against  the 
inferior  retroverted  edge  of  the  ento-cuneiform.    This  latter  extends 


both  nbuvp  and  below  the  meso-cundronn  and  c^oadllioI1a  tlit  sbape  a( 
the  bead  of  M.  ii.  about  one-balf  of  the  proximal  surface  being  sup- 
ported by  tbt  meso-cuneironii.  Posterior  to  this  facet  Ihe  proxinml  eor- 
bce  Hlojies  ubruptly  downward  nrid  preBents  the  above-mcDtioDed  fiict't. 
About  twodflbs  of  tUe  internal  BurfHce  of  ecto-cutieifonn  is  taken  u^i 
with  a  facet  for  metaliirEBl  ii.  which  in  JIf.  bairdi  extends  Dpward  pm- 
ponionately  less  on  the  ccto-cu  not  form.  The  ehart  is  of  about  the  uiuc 
dllneaaions  proimrtlonately  as  in  M.  bairdi  and  was  closely  applit-d  to 
H.  iii  proiimBlly,  but  both  the  lateral  nietapodiale  curve  oulwaid  dl»- 
^lly.  The  distal  end  is  merely  an  cularged  copy  of  that  of  Ihe  emalki 
species,  is  high  and  compressed  and  the  median  keel  is  strongly  dtve!- 
Op«d.  Metatarsal  iii  hears  about  llie  aaaie  relation  to  the  lateral  meta- 
tanals  in  size  as  In  M.  bairdi.  In  the  latter  we  have  a  diatini-t  fkcet  on 
H.  ill,  either  lateral  or  pTdicimal  for  the  t^uboid,  but  in  the  new  aperies 
H.  iii  does  not  touch  the  cuboid  and  the  only  facet  na  esterior  aurface 
of  Ihe  proximal  end  h  Ibat  for  M.  iv.  It  is  borne  entirely  by  Ibe  ecin- 
Ctuieifomi  and  is  quite  large  in  proportion  to  the  size  of  the  lateral  dlgil« 
Rod  supports  nearly  all  the  weight  and  receives  most  of  the  iuipactannd 
Strains  of  the  foot.  The  distal  end  Is  somewhat  wider  than  the  proximal 
end.  M,  iii  is  r[nile  a  little  longer  than  the  lateral  metalarsals.  more 
-M  Ihun  ill  .1/,  biiiriU.     AH  Ihe  phalanges  are  slightly  more  massive  pro 

The  peWia  in  the  Am.  Has.  Collection  referred  to  M.  eepti,  I  do  not 

regard  as  Mesohippus  at  all  because  it  is  too  much  apedalized  in  its  own 
way  to  belong  to  a  White  Kiver  equine.  It  differa  very  much  from  that 
of  if.  bairdi  and  in  some  respects  is  more  specialized  than  that  of  the 
modern  horse.  If  the  reference  to  if.  copti  is  correi:t,  we  have  in  this 
species  a  very  aberrant  side  line  of  the  horse  aeries.  The  pelvis  under 
discussion   differs   from   tliat  of  M.  bairdi  in   the   following  respects  : 

(1)  The  ilium  expands  very  abruptly,  almost  directly  In  front  of  the  acet- 
abulum, white  in  M,  bairdi  it  expands  very  gradually  and  begins  its  ex- 
pansion a  long  way  in  front  of  the  acetabulum  (see  PI.  XIII  and  Fig.  4). 

(2)  The  angle  of  the  ilium  in  At.  bairdi  and  of  all  the  known  equines  is 
sharp,  but  in  this  specimen  it  Is  very  much  rounded.  (S)  The  crest  ia 
broad  and  stout  instead  of  being  narrow  and  elongate  as  in  M.  bairdi. 
(4)  The  border  between  angle  and  crest  is  very  much  less  concave  than 
in  if.  bairdi  and  the  borae.  (5)  The  border  of  bone  above  acetabalum 
is  drawn  out  into  a  sharp  crest  even  more  pronounced  than  in  the  recent 
horse.  (6)  The  acetabulum  is  round  as  in  Hyracodon.  not  elongate  as 
in  if.  bairdi  and  the  horse.  (7)  The  obturator  foramen  is  broader  in 
proportion  to  its  length  than  in  M.  bairdi.  (B)  The  ischia  turn  upward 
at  an  angle  posteriorly  almost  as  much  as  in  the  horse,  while  In  M.  bairdi 
the  ischium  is  in  a  straight  line  with  the  long  axis  of  the  ilium  and  does 
not  turn  up  posteriorly.  In  view  of  these  great  differencea  I  cannot 
regard  the  reference  to  M.  eopei  as  correct. 

In  the  American  Museum  there  are  a  stiries  of  lumbar  vertebm  which 
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are  too  large  for  if.  intermedius,  and  their  proviRional  reference  to 
M.  eopei  is  justifiable.  These  are  very  like  those  of  M.  hairdi,  but  much 
larger  and  more  massive.  The  provisional  reference  of  the  two  pre- 
molars described  with  the  type  is  also  justifiable,  as  they  are  too  large 
to  pertain  to  any  other  known  species  of  horse  from  the  White  River. 
Leaving  the  pelvis  out  as  questionable,  we  may  say  that  the  remains  in- 
dicate a  very  large  equine  agreeing  with  M.  hairdi  in  most  of  its  charac^ 
ters  and  yet  specialized  in  its  own  way  so  that  it  is  a  little  off  the  line  of 
equine  descent  though  most  probably  developed  from  M.  hairdi. 

Measurements  of  M.  eopei. 

Tibia 298        313 

Calcaneum,  length 82 

Calcaneum,  extreme  width 30 

Astragalus,  length 40         50 

Astragalus,  width  of  neck 31  37 

Height  of  navicular 11 

Height  of  ecto-cuneiform 11 

Length  of  M.  iii 177        189 

Femur,  distal  end  width 51 

Width  of  patellar  surface 29 

Extreme  length  of  first  phalanx  of  M.  Hi 24 

"      second  *'        *'    11 

"      ungual  '*        "     29 

Length  of  M.  iv 155 

Phalanx  1  of  M.  iv 14 

"      *2    " 9 

"       8     "  22 

Mesohipfus  intebmedius  O.  and  W. 

M,  intermedius,  as  the  name  indicates,  stands  intermediate  between 
M.  hairdi  of  the  Oreodon  beds  and  Mesohippus  {Anehitherium)  prcestans 
of  the  John  Day.  It  occurs  in  the  Protoceras  beds.  It  is  a  strange  and 
interesting  fact  that  M.  hairdi  continued  on  into  the  time  of  the  Protoceras 
beds  after  having  given  rise  to  the  two  species.*  A  careful  study  of  the 
principal  characters  of  M.  intermedins  brings  out  very  strongly  its  rela- 
tion to  the  preceding  and  succeeding  species.  In  all  these  points  it  is 
seen  to  stand  directly  intermediate  between  M.  hairdi  and  Mesohippus 
iAnchitherium)  prcBstans  of  the  John  Day.  In  the  light  of  present 
knowledge  there  can  be  no  doubt  that  M.  hairdi  is  the  direct  ancestor  of 
the  modern  horse,  and  by  the  study  of  the  individual  variations  of  the 

•  A  remarkable  instance  of  the  peTslstence  of  an  ancestral  type  is  seen  In  the  Loup 
Fork.  Here  Protohippus,  a  form  with  long-crowned,  cement-covered  molars,  represents 
the  main  line  of  equine  descent,  while  right  alongside  of  it  there  is  a  much  smaller  spe- 
cies of  M.  bairdi  tyi*e  which  Cope  has  called  Anehitherium  uUimum.  This  form  hus  short- 
downed  molars,  without  cement. 
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former  we  can  trace  a  tendency  toward  the  eBtablishment  of  the  M.  in- 
termediua  type. 

The  skull  of  3f.  xntermediuB  is  much  more  equine  in  character  than 
that  of  M.  hairdi.  It  presents  the  following  differences  which  may  be 
looked  upon  as  modernizations  :  (1)  Increase  in  length,  size  and  in  gen- 
eral proportions.  The  largest  skull  of  M.  hairdi  observed  measures  218 
mm.,  while  that  of  M.  intermedins  measures  280  mm.  (2)  The  upper 
incisors  are  all  pitted  (see  Fig.  6),  while  in  the  smaller  species  only  the 
pj    g  two  outer  pairs  have  the  enamel  invagination. 

(8)  The  fkcial  region  of  the  skull  is  more  elon- 
gate and  the  orbit  is  shifted  backward.  In  M. 
hairdi  the  anterior  border  of  orbit  is  over  M.  1 ; 
in  M.  intermedins  it  is  over  interval  between 
Ms.  2  and  8.  (4)  The  diastema  between  Pm.  1 
and  the  canine  is  proportionately  greater  in  the 
larger  species. 

The  canine  has  a  well -developed  cingulum  on 
its  internal  surface.    This  is  the  foreshadowing 

SUPERIOR  INCISORS  AND       ^^  ^^®  cupplug,  as  thc  pit  lu  au  incisor  tooth  is 
Canine  op  M.  inter-         formed  by  the  cingulum,  which  rises  up  on  the 
MEDius,  \.  internal  border  of  the  tooth  to  enclose  the  de- 

pression. Teeth  have  been  observed  from  the  lower  Oreodon  beds  which 
have  a  strongly  developed  cingulum  anticipating  the  development  of  the 
pit.  (5)  The  occiput  is  slightly  more  overhanging  in  the  larger  species. 
(6)  The  aveoliir  border  of  the  jaw  is  better  developed  and  higher  in  If.  in- 
termedius.  This,  of  course,  is  correlated  with  larger  teeth,  with  longer 
roots.  (7)  The  postorbital  processes  arc  better  developed,  more  nearly 
enclosing;  the  orbit.  (8)  There  is  in  M.  interviedins  a  large  deep  ant- 
orbital  fossa  or  dei)ression  occupying  nearly  all  of  the  lateral  wall  of 
skull  and  extending  forward  almost  to  Pni.  1.  (9)  The  teeth  of  the 
molar  series  are  much  larger,  longer  and  more  specialized  than  those  of  Jf. 
hairdi.  These  ditferences.  which  have  been  given  by  Osborn  and  Wort- 
man  in  their  description,  are:  {a)  "The  internal  cingulum  of  Pm.  1  is 
more  strongly  developed  and  a  distinct  basin  is  formed,  {h)  In  the  sec- 
ond upper  i)remolar,  the  parastyle  or  antero-external  buttress  is  consider- 
ably larger  than  in  }f.  hairdi  x\\\i\  gives  to  the  crown  an  incipient  trian- 
gular shape,  (r)  The  midrib  of  the  external  lobes  is  better  developed 
than  in  M.  hairdi,  and  the  postero-transverse  crest  is  more  nearly  con- 
tluenced  with  outer  wall  of  tooth." 

Lenfjth   of  Molar- Pre jnolar  Series. 
M.  hairdi....  73.5     M.  ifitermedius.,.,  97     M.  prastans,,,,  112.5 

Molar  Series. 
23  40  51 

Premolar  Series. 

42  53  61 
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The  Milk  Dentition. 

In  the  Princeton  Collection  there  is  a  skull  bearing  the  temporary  den- 
tition (No.  11168).  In  the  young  skull  the  anterior  border  of  the  orbit 
is  just  between  D.  4  and  M.  1,  so  that  as  growth  takes  place  the  orbit  is 
forced  to  retreat  by  the  elongation  of  the  facial  region  of  the  skull,  as  in 
the  adult  skull  the  anterior  border  of  the  orbit  is  over  the  interval  be- 
tween molars  2  and  8.  The  milk  teeth  agree  in  all  essential  points  with 
those  of  M,  bairdi. 

Metiiurements  of  the  Superior  Milk  Teeth.        mm; 

Length  milk  series 57 

D.  1 10 

"  2 18 

*'  8 16.5 

"  4 17 

The  lower  teeth  of  the  deciduous  set  agree  in  all  their  characters,  ex^ 
cept  size,  with  those  of  M.  bairdi. 

There  is  nothing  noteworthy  about  the  vertebrae  except  their  increase 
in  size  over  those  of  M.  bairdi.  The  limbs  bear  the  same  general  pro- 
portions as  in  the  smaller  species.  The  scapula  is  higher  and  narrower 
proportionately  than  in  M.  bairdi.  All  the  limb  bones  are  characterized 
by  being  much  longer  than  in  the  smaller  species.  The  ulna  is  not  more 
reduced  distally  than  in  Af.  bairdi,  and  is  distinct  from  the  radius  through- 
out. The  shaft  is  compressed  laterally  and  is  very  slender,  but  distally 
it  is  stouter  and  has  a  large  facet  for  the  cuneiform.  Proximally  the 
olecranon  is  more  massive  than  in  M.  bairdi.  The  radius  is  very  large 
and  is  fast  becoming  the  important  bone  of  forearm.  The  carpus  pre- 
sents no  important  differences  from  that  of  the  smaller  species.  It  is 
still  high  and  narrow.  A  rudiment  of  the  fifth  metacarpal  still  persists, 
but  is  not  so  elongate  as  in  M.  bairdi,  but  is  shorter  and  stouter  and  on 
the  way  to  disappearing.  The  lateral  digits  are  usually  more  flattened 
than  in  the  smaller  species  but  are  not  more  reduced,  the  distal  ends 
being  even  more  massive  proportionately.  The  ungual  phalanges  of 
the  lateral  digits  are  long,  narrow  and  sharply  pointed  at  the  ends. 
That  of  metacarpal  iii  is  proportionately  wider  than  that  of  M.  bairdi. 

MM. 

Length  of  M.  iii 155 

M.iv 138 

M.ii 143 

The  ribs  are  characterized  by  their  length  and  extreme  slenderness, 
those  of  the  median  dorsal  region  being  especially  long,  not  much  flat- 
tened, being  almost  round  in  cross-section.  The  pelvis  presents  few 
characters  that  are  new.    The  ilia  expand  even  more  gradually  than  in 

'.  bairdi.    The  angle  rises  up  in  a  pointed  process.     The  crest  is  partly 
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broken  away  so  tliat  all  its  characters  cannot  be  determined.  The  bor- 
der of  bone  above  the  acetabnlom  Is  rounded  and  not  sharp.  The 
ischia  turn  apward  slightly  posteriorly  and  form  more  of  a  l>late  poste- 
rior to  the  obtarator  foramen  posteriorly  than  in  the  smaller  species.  The 
sacnim  has  five  vertebrsB  entering  into  its  formation.  The  qiinea  of  the 
lumbars  are  still  very  high,  but  they  have  a  more  considerable  antero- 
posterior extent  proportionately  than  in  M,  bairdL  The  femur  has  a 
massive  proximal  end,  the  great  trochanter  being  lower  and  more  mas- 
sive than  we  usually  see  it  in  Mesohippus,  but  this  may  in  part  be  due 
to  the  fiict  that  our  skeleton  is  of  a  young  animal.*  The  tibia  of  M,  initr- 
mediu$  is  somewhat  stouter  in  proportion  to  its  length  than  that  of  JL 
bairdi.  The  cneniial  crest  is  strong  and  well  developed.  As  usual, 
there  is  a  large  fossa  external  to  the  cnemial  crest.  The  fibula  is  still 
complete  and  is  distinct  from  tibia.  The  proximal  end  is  quite  small 
and  the  shaft  is  very  much  reduced,  while  the  distal  end  is  quite  large, 
forming  the  external  malleolus  to  articulate  with  astragalus  and  with 
calcaneum  in  extreme  extension.  Both  proximal  and  distal  ends,  as  well 
as  the  shaft,  are  closely  applied  to  the  tibia,  but  are  not  coQsslfied  with 
it.  The  tarsus  of  M,  intermediut  is  more  modem  than  that  of  M.  bairdi 
in  that  the  tarsus  is  wider  and  lower,  which  is  a  step  In  the  direction  of 
the  modem  horse.  The  calcaneum  is  very  long,  the  tuber  proportion- 
ately longer  than  in  M.  bairdi,  and  is  quite  stout  with  an  expanded  fi-ee 
end.  The  cuboidal  facet  is  long  and  narrow,  almost  crescentic  in  shape 
and  extends  downward  and  inward  to  the  sustentaculum.  There  is 
quite  a  large  fibular  facet.  The  astragalus  is  broader  and  the  trochlea  is 
not  so  deeply  incised  as  in  M.  bairdi,  though  it  is  distinctly  equine  in 
pattern.  The  two  condyles  of  the  astragalus  are  very  unequal  in  size. 
The  inner  almost  always  overlaps  the  navicular  facet,  while  the  external 
is  separated  from  it  by  a  long  interval.  In  Jf.  bairdi  the  internal  con- 
dyle never  reaches  the  navicular  surface.  The  navicular  is  much  fiatter 
and  lower,  as  is  also  the  ecto-cuneiform,  than  in  Jf.  bairdi.  The  cuboid 
is  also  shortened,  just  equaling  the  height  of  the  two  contiguous  bones, 
metatarsal  iii  extends  over  on  cuboid. 

This  is  anotlier  modernization.  There  is  a  distinct  facet  on  the  cal- 
caneum for  the  navicular.  There  is  a  much  more  complete  interlocking 
of  the  tarsal  bones  in  M.  intermedins  than  in  any  other  White  River 
horse.  The  ento-cuneiform  as  usual  is  high,  extending  both  above  and 
below  the  meso-cuneiform  which  is  still  not  so  deep  as  the  ecto-cunei- 
form. On  its  posterior  surface  it  bears  a  distinct  facet  for  the  cuboid 
with  which  it  unites  in  forming  the  small  facet  for  M.  iv.  Metatarsal  iv 
is  usually  less  reduced  proximally  than  M.  ii,  but  tapers  to  about  the 
same  size  distally.  Tliis  demonstrates  the  manner  in  which  the  reduc- 
tion of  digits  takes  place  in  the  family.  We  know  from  Jf.  bairdi  thnX 
M.  i  first  disappeared  and  afterward  M.  v.  The  condition  in  M.  inter- 
medius  indicates  that  M.  ii  would  next  become  rudimentary,  and  then 
M.  iv.     In  the  horse  where  the  lateral  metapodials  are  mere  splint 

*  This  may  also  account  for  the  fact  that  fibula  is  not  co6e>ifled  with  Ubia. 
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boDes  and  closely  applied   to  M.  iii,  M.  iv  is  still  larger  than  M.  ii 
proximally. 

The  inter-relationships  of  these  three  species  may  be  expressed  by  the 
following  diagram : 


Protoceras  Beds. 


Orcodon  Beds. 


M.  bairdi.       M.  intermedins.  M.  copei. 


J 


/  M.  bairdi. 


M.  copei. 


Titanotherium  Beds.       /  M.  bairdi. 


The  phylogeny  of  the  horse  series  as  it  is  now  generally  understood 
may  be  given  as  follows : 


Pliocene  to  Recent 


Loup  Fork 


Deep  River 


Equus 


Protohippus 


John  Day 


White  River 


Uinta 


Bridger 


Wasatch 


Puerco 


7  Bepresenti  the  line  of  descent. 


Condylarthra 


Hippidium 

! 


Hipparion 


Desmatippus  Anchitherium 


Mesohippus 


Mesohippus 


£pih  ppus 


Pachynolophus 


Hyracotherium  Palaeotherium 


Protogonia 
Protogonodon 
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Oa  Natural  Selection  and  Separation, 

By  Arnold  E,  Ortmann, 

{Bead  brfore  the  American  FhUosophicdl  Society,  May  16,  1896.) 

L  It  is  generally  understood  that  the  chief  merit  of  Darwin  in  creating 
his  theory  of  the  origin  of  species  is  the  establishment  of  the  principle  of 
Natural  Selection,  and  that  by  the  introduction  of  this  principle  the  pro- 
cess of  development  of  organic  nature  from  the  conditions  existing  in 
former  times  to  the  present  may  be  made  intelligible,  and  mostly  it  is  also 
understood,  that  natural  selection  is  only  one  of  the  factors  playing  a 
part  in  the  formation  of  species.  But  the  proper  line  of  action  of  natural 
selection,  as  conceived  by  Darwin,  is  estimated  by  some  other  authors 
▼cry  differently.  I  refer  especially  to  Weismann,  who  calls  natural 
selection  "all-sufficient,"  which  implies  that  it  is  the  only  factor  that 
forms  species ;  but  I  regard  this  expression  only  an  exaggeration,  since 
Weismann  contradicts  himself  in  this  respect.*  The  assertion,  however, 
stands,  that  natural  selection  of  itself  may  form  different  species.  On 
the  other  hand,  Eimer  maintains,  in  opposition  to  Weismann,  that  there  is 

*8ee  Ortmann,  QnmdgUge  der  marinen  TierffeoffraphUt  1896,  p.  30. 
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no  fonnfttlon  of  species  bf  natand  seleotlon,  bm  Uial  tbe  onl  j  mMom  of 
this  Actor  consists  In  the  preserrlng  of  ezisUng  spedes.*  This  optnlOB  Is 
as  erroneoos  as  that  of  Weismann,  bat  In  the  opposite  direction. 

So  fkr,  howoTcr,  Darwin's  definition  of  natural  selection,  as  tlie  sor- 
Ti?al  of  the  fittest,  was  not  altered,  only  the  eflleaey  was  regarded  difle^ 
ently.  But  recently  Pfefferl'  has  giren  another  conception  of  natnnd 
selection,  differing  ftrom  Darwin's.  According  to  the  latter,  hf  the 
straggle  for  existence  the  fittest  are  selected  (hence  the  term  ''selec- 
tion'*)* while  all  others  are  destroyed.  Pfeflbr,  howerer,  says  that 
there  Is  no  selection  of  partlcnlarly  good  Tarlatlons,  bnt  the  straggle  Ibr 
existence  destroys  Indiscriminately  fitted  and  not  fitted  indlrldoals,  and 
certainly  It  destroys  all  the  not  fitted.  Thus  the  sanrlrlng  remainder 
(according  to  Darwin's  terminology  the  selected  part)  consists  of  a 
number  of  good  and  better  indlvidnals,  which  show  a  g90d  amrage,  Tbe 
struggle  for  existence  continued  in  this  way  during  many  geneimtlons— 
destroying  all  the  bad  individuals— effecU  llUle  by  liule  that  this  good 
aiTerage  improves  from  generation  to  generation.  Pfeffer  calls  this  pro- 
cess  "Tiansformation  of  species  by  selCoregulation ''  ("Umwandlang 
der  Arten  durch  Selbetsteueruog  "). 

This  conception  of  natural  selection  differs  only  slightly  from  that  of 
Darwin,  aod  one  could  say,  that  only  the  form  of  expression  Is  dlflerent, 
while  the  effect  In  both  cases  is  the  same.  But  we  shall  see  below,  that 
the  form  used  by  Darwin  is  in  some  respect  inferior  to  that  used  by 
Pfeffer,  and  although  Darwin's  meaning  is  nearly  the  same  as  that  of 
Pfeffer,  we  shall  have  some  advantage  in  accepting  Pfeffer's  phrase, 
especially  in  maintaining,  that  not  the  fittest,  but  good  individuals  sur- 
vive, and  that  the  change  effected  is  an  extremely  slow  one. 

Recently  I  have  pointed  out,}  that  this  " transformation  of  species"  is 
nothing  else  than  the  well-known  "mutation"  of  paleeontologists,  a 
term,  the  differences  of  which  from  *'  variation  "  are  first  shown  by 
Waagen  and  Neumayr,  and  subsequently  most  vigorously  maintained  by 
W.  B.  Scott.  §  These  differences  are  neglected  by  many  zoologists, 
although  the  "comparatively  lawless  and  uncontrolled  character "|  of 
the  variations  and  the  "  directness  of  advance  towards  the  final  goal  "1 
of  the  mutations  differ  strikingly.  Scott  says  :**  "While  yariations  are 
due  to  tbe  union  of  changing  hereditary  tendencies,  mutations  are  tbe 
effect  of  dynamical  agencies  acting  long  in  a  uniform  way  and  the  results 

•  Elmer  ( Die  Artbildung  nnd  Vfru>nn(U8chc^ft  bei  SdmeUetiingcn,  il.  1^95,  p.  33)  uses  even 
the  expres^tiou  :  "  laefflciuncy  of  Natural  Selection  "  ("  Ohuniacht  der  NaturzUchtung"j 

t  Pfctf^r,  "  Die  U  avviin  Wins  <l^i*  Artea,  eln  Vorjiag  functlonellcr  Sell»tgestaltuag/ 
VerluindU.  Naturw.  Ver.  Hamburg  (:j)  i,  18M. 

I  Grundzuge  der  marinen  Tiergeographiet  p.  31. 

2 Scott,  "On  Variations  and  Mutations,"  Amer.  Jour.  ScL,  49, 1834,  pp.  355-374. 
i  /.  c,  p.  370. 
f  I.  c,  p.  360. 

*«Thi8  sentence  is  first  given  in  the  paper  "On  the  Osteology  or  Mesohlppus  and  L?p- 
to.nur^s,"  Journ.  Jiorphol.,  v,  1891,  p.  38S  and  repeated  /.  c,  p.  37 J. 
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controlled  by  natural  selection."  If  thus  mutation  is  influenced  by  nat- 
ural selection,  it  implies,  that  any  particular  mutation  must  advance  in  a 
direction  advantageous  for  the  respective  species,  and,  indeed,  many 
examples  of  mutation  known  among  fossil  animals  are  apparently  due  to 
the  advantage  produced  by  the  change.*  I  must  add  hero,  however 
that  probably  not  all  mutations  (in  a  paleeontological  meaning)  are  due 
to  natural  selection,  but  that  many  do  not  imply  an  actual  improvement. 
In  this  respect  Elmer's  investigations  of  the  Papilionidse  are  important. 
The  variations  in  the  colors  of  the  wings,  on  which  Eimer  exclusively 
relies,  are  apparently  neither  useful  nor  injurious,  yet  they  are  caused 
most  likely  by  external  conditions,  for  example,  by  warmth  or  cold  dur- 
ing the  development  of  the  imago  from  the  larva.  Elmer  points  out, 
that  in  his  butterflies  a  distinct  direction  of  variation  is  evident,  which  he 
calls  "  Orthogenesis."  We  shall  see  below  that  this  is  a  process  of  inher- 
itance. By  the  constant  action  of  certain  external  causes  upon  subse- 
quent generations,  and  the  repeated  inheritance  of  the  characters  thus 
acquired,  a  certain  tendency  of  variation  in  a  distinct  direction  may 
develop.  If  this  tendency  does  not  bear  on  utility,  the  degree  of  varia- 
tion in  the  single  individuals  differs  considerably,  and  even  individuals 
varying  in  other  directions  are  preserved.  Thus  a  gradual  transition 
results  from  the  less  to  the  more  changed  individuals.  But  altogether, 
from  generation  to  generation,  the  variation  in  that  direction  increases, 
and  the  changed  individuals  may  become  the  most  numerous,  thus  eflfcct- 
iog  a  slow  change  of  the  average  characters  of  the  species,  which  looks 
exactly  like  a  mutation.  Wo  may  call  this  latter  mutation,  pioduced  by 
accumulative  inheritance,  by  Eimer's  term  "orthogenesis,"  in  contrast 
to  the  "mutation"  produced  by  natural  selection.  " Orthogenetic 
mutations*"  are  also  known  among  fossil  animals,  and  I  referf  especially 
to  the  group  of  Ammonites  whose  mutations  have  been  first  studied. 
Here  most  of  the  characters  advancing  in  certain  lines,  ornaments  and 
form  of  the  shell,  etc.,  are  apparently  not  subject  to  natural  selection.  Of 
course,  we  do  not  know,  in  most  of  the  cases,  whether  a  particular  trans- 
formation is  useful  or  not,  and  in  many  cases,  where  we  cannot  recognize 
any  advantage,  the  latter  is  present  nevertheless.  But  since  Eimer's 
investigations  have  amply  proved  that  such  changes,  indifierent  as 
regards  utility,  are  certainly  present  in  living  animals,  they  must  also 
have  been  present  in  fossil  animals  X 

*  I  mention  only  the  example  of  the  transformation  of  the  structure  of  the  extremities 
in  the  horse-phylum,  as  Oiscubsed  hy  Scott  {I.  c,  p.  368).  With  the  change  of  one  char- 
acter io  a  useftil  direction  the  change  of  others  may  be  connected,  which  are  in  correla- 
tion with  the  first.    This  would  be  an  indirect  action  of  natural  selection." 

t  A  very  illustrative  example  f  f  "  Orthoijcncsis  "  Is  the  transformation  of  the  Miocene- 
and  Pliocene  Fulgur  wiUrarCuit  into  the  Pliocene  and  Recent  Fulgur  penrrsw.  See  Leidy, 
**  Remarks  on  the  Nature  of  Organic  Species,"  Traiu.  Wagner  Free  Inst.  Sci.,  ii,  18S9, 
p.  61fl!'.,  Pia  9  and  10. 

t  Weiflmaiin  Indeed  denies,  even  in  respect  to  Eimer's  butterflies,  that  there  are  any 
uselefls  variations,  bat  this  is  ont>  of  his  many  assertions,  which  he  does  not  even  try  to 
tstablifih  properly  (comp.  "Germinal  Selection,"  The  Mania,  \ol.  6,  No.  2,  Jan.,  18t^, 
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But  if  we  analyze  the  action  of  man  in  breeding,  we  shall  find  that  it  does 
not  correspond  to  natural  selection,  but  is  more  complex,  and  that 
accordingly  the  final  result  obtained  by  man  is  different  from  that  in 
nature. 

The  breeder  selects  from  a  certain  species  a  number  of  individuals 
fitted  for  his  particular  intentions.  The  whole  number  of  individuals  of 
this  species  is  thus  divided  into  two  parts  :  the  teleeUd  and  the  reeded. 
By  natural  selection  also  the  individuals  of  a  species  are  divided  into  two 
parts:  tha  fitted  tkud  Xhc  unfitted.  There  seems  to  be  complete  analogy, 
but  this  is  not  the  case.  In  natural  selection,  as  we  have  seen  above, 
the  fitted  survive,  and  the  unfitted  are  destroyed.  But  in  man's  selection 
there  is  a  difl'erence :  of  course,  the  selected  corresponding  to  the  fitted 
survive,  but  the  rejected  corrresponding  to  the  unfitted  are  not  invariably 
destroyed.  On  the  contrary,  they  survive  too,  at  least  a  great  number  of 
them.  It  is  not  at  all  in  the  breeder's  power  to  kill  all  the  individuals 
not  wanted  of  the  species  under  domestication  ;  he  may  kill  of  a  particu- 
lar litter,  perhaps  of  all  his  stock  those  not  corresponding  to  his  wishes, 
he  may  continue  this  killing  during  a  series  of  generations,  but  he  never 
can  succeed  in  destroying  all  the  rejected  individuals  of  the  original  spe- 
cies with  which  he  deals.  On  the  contrary,  this  original  species  will  pro- 
pagate, and  will  continue  to  exist  beside  the  new  race  obtained  from  it 
The  result  of  the  breeder's  art  is  a  new  race  coexisting  with  the  original 
species. 

See  the  difference.  Natural  selection  preserves  only  a  number  of  indi- 
viduals possessing  a  certain  number  of  useful  characters,  while  all  the 
others  are  destroyed :  it  preserves  the  good  standard  of  the  species  or  may 
even  improve  it.  Man's  selection,  however,  gives  origin  to  a  new  race 
branching  off  from  the  original  species,  which  is  preserved,  too,  and  may 
be  subject  for  itself  to  the  action  of  natural  selection  or  may  be  domesti- 
cated and  subject  to  breeding  again.  Therefore,  it  is  easily  understood, 
tlial  it  is  certainly  incorrect  to  look  upon  natural  selection  and  the  art 
of  the  breeder  as  analogous  processes,  and  natural  selection  cannot  be  the 
cause  of  the  origin  of  different  species. 

We  may,  however,  safely  say  that  the  races  obtained  by  the  breeder 
are  analogous  to  natural  species,  and  we  are  to  examine  by  what  addi- 
tional factors  the  complete  parallelism  of  the  breeding  of  races  and  the 
formation  of  different  species  in  nature  is  accomplished. 

Recently*  I  have  endeavored  to  demonstrate  that  we  are  to  imagine 
natural  selection  supplemented  by  the  process  of  Separation  (or  Isola- 
tion), in  order  to  understand  the  development  of  coexisting  different  spe- 
cies from  one  original  species.  The  main  point  in  separation  is  the  action 
of  different  conditions  of  life  in  different  localities  separated  from  each 
other.  The  descendants  of  one  ancestral  form,  if  separated  under  different 
conditions,  tend  to  develop  separately,  and  the  directions  of  either  muta- 
tion or  orthogenesis  become  different  in  each  separated  group  :  another 

*  Qrundziigc  der  mnrbun  TUrgeofjraphie,  pp.  31,  :>2. 
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average  fitted  for  the  particular  conditions  of  life,  or  another  direction  of 
orthogenesis  prevails  among  the  surviving  individuals  of  each  group,  and 
after  a  permanent  separation  during  a  series  of  generations  the  changes  in 
each  separated  group  amount  to  what  i^r  called  specific  differences. 

If  we  compare  in  this  respect  the  origin  of  species  in  nature  with  the 
art  of  the  breeder,  we  see  at  once  that  separation  is  implied  in  the  action 
of  man.  The  breeder  not  only  selects  his  material — in  so  far  he  complies 
with  the  requirement  of  natural  selection — but  he  isolates  it  from  the 
other  individuals,  and  farther  on,  his  chief  occupation  is  the  repeated 
application  of  the  same  principle  in  the  separated  stock  of  animals  and 
their  descendants,  namely,  the  selection  only  of  individuals  answering 
his  wishes.  This  action  corresponds  exactly  to  natural  selection  in 
isolated  localities.  Thus  the  breeder  clearly  unites  two  different  actions. 
(1)  The  selection  of  particular  individuals  possessing  certain  desired 
characters  corresponds  to  natural  selection.  But  the  breeder  cannot,  or 
cannot  completely,  destroy  the  rejected  remainder.  (2)  Accordingly  he 
directs  his  chief  attention  to  the  isolation  of  the  selected  material,  in  order 
to  secure  control  over  the  true  breeding  in  subsequent  generations.  Since 
the  organisms  kept  under  domestication  are  mostly  amphimizotic,*  the 
breeder  must  exclude  especially  the  possibility  of  interbreeding  with  the 
outsiders.  This  latter  point,  although  clearly  understood  by  Darwinf 
himself,  has  been  overlooked  generally.  It  was  forgotten,  that  beside  the 
material  used  for  breeding,  there  exists  other  "raw"  material,  and  that 
the  preservation  of  the  latter  constitutes  a  very  important  diflference  from 

*  As  regards  the  orijilD  of  races  as  well  as  of  species  It  matters  nothing,  whether  the 
respective  organism  is  amphimixoiic  or  not  (se^t  Orundzuge^  etc.,  p.  32).  Amphimixis, 
that  is  to  pay  propagation  by  crossing  eflbcts  equality,  the  fusion  of  different  characters, 
and  not^  as  Weisraann  asserts,  the  appearance  of  new  variations.  This  law  is  not  only 
logically  evident,  but  is  amply  demonstrated  by  fiEtcts.  0)mp.  Darwin,  Variation  qf  Ani- 
mali  and  PtanU  under  Dprn^MicaUon,  2d  ed.,  ii,  1876,  p.  62ff.,  where  numerous  examples  of 
the  equalizing  power  of  crossing  are  recorded.  This  question  is  to  be  looked  upon  as 
finally  settled  already  by  Darwin  and  no  doubt  in  the  most  convincing  manner,  namely, 
by  well-established  fiscts.  It  is  extremely  unintelliglule  how  Weismann  could  throw 
•side  all  the  proofs  carefully  collected  by  Darwin  and  8uk>8titute  his  own  ill-founded  con- 
ception of  Amphimixis.  I  may  add  here  that  between  the  action  of  Amphimixis  and 
that  of  Panmixia  as  accepted  by  Weismann,  there  exists  a  grave  logical  error.  Amphi- 
mixis is  the  simple  process  of  crossing  occurring  but  once,  Panmixia  is  the  sume  process 
repeated  often  and  in  different  directions :  the  effects  of  both  can  only  differ  in  quantity. 
According  to  Weismann,  however,  Amphlmix  of  different  animals  results  in  new  differ- 
ences. Panmixia  of  different  animals  in  the  disappearance  of  existing  differences  (vari- 
ations without  valae  for  selection  are  at)sorbed).  This  remains  an  insurmountable  con- 
tradiction  until  Weismann  demonstrates  that  bis  Amphimixis  and  Panmixia  are  concep- 
tions contradictory  to  each  other.  Elmer  {Eutttehung  der  Arten,  I,  1888,  p.  48)  says. 
Amphimixis  may  produce  new  things  by  uniting  different  things.  That  is  true  in  so  far 
as  the  oflbpriug  is  different  from  either  parent.  But  this  is  the  first  step  in  uniting  the 
characters  of  the  parents.  The  tin^e  individuals  resulting  from  Vie  same  or  similar  cross- 
ingt  are  more  alike  to  each  other  than  the  parents  tee  re  to  each  other. 

t Darwin  (  Variation  under  Domestic.,  ii,  p.  62)  says  :  "The  prevention  of  free  crossing, 
and  the  intentional  matching  of  individual  animals,  are  the  cornerstones  of  the 
breeder's  art,"  and  "No  man  in  bis  senses  would  expect  to  improve  or  modify  a  breed 

.  .  .  imleas  he  separated  his  animals." 
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the  prooeis  of  nataral  lelection,  where  rach  a  remnant  oorreaponding  to 
the  "raw"  material  does  not  sunrlTe— tinleis  a  iffMrsltfm  hf  nalmal 
conditions  is  added. 

IIL  The  principle  of  Separation  or  hoiaiien,  first  coneelTed  by  IL 
Wagner,  is  considered  by  nearly  all  anthers*  as  a  Actor  of  minor  import- 
ance, although  nearly  all  hare  conceded,  that  its  occtsional  action  cannot 
be  denied.  It  was  looked  upon  as  an  additional  liMstor  now  and  then 
fkYorlDg  the  formation  of  species,  but  not  as  a  necessary  one.  In  the 
original  theory  of  Darwin  isolation  is  not  contained  as  a  particular  Ihctor, 
although  Darwin  recognized  the  value  of  It  very  well,  but  he  understood 
it  in  a  purely  geographical  sense.f  As  regards  the  formation  of  different 
species  he  belicTesI  it  to  be  explained  by  the  TprindpU  ef  dieergMCs: 
divergence  is  useftil,  and  if  there  are  any  divergent  variations  witliln  one 
species,  he  says  (p.  87):  '*They  will  be  better  enabled  to  seise  on  many 
and  widely  diversified  places  in  the  polity  of  nature,  and  so  be  enabled  to 
increase  in  numbers."  The  introduction  of  this  principle,  however.  Is  a 
mere  circumlocution  of  "differentiation  of  species,"  not  an  explanation : 
we  want  to  know,  what  are  the  cau$ei  of  the  divergence?  If  we  peruse 
Darwin's  writings  In  this  respect,  we  find  that  he  was  very  near  to  recog- 
nizing that  separation  actually  effects  the  divergence,  §  but  since  he  under- 
stood separation  only  in  a  strictly  geographical  sense,  he  failed  to  put  this 
factor  in  its  proper  place.  Darwin's  principle  of  divergence  is  nothing 
else  than  the  result  of  separation,  and  if  we  substitute  the  latter  for  the 
former  we  shall  complete  Darwin's  theory  in  a  very  important  point 

Even  Wagner,  in  introducing  the  principle  of  separation,  did  not  give  it 
its  correct  place  within  Darwin's  theory,  but  tried  on  the  contrary  to 
replace,  at  least  partly,  selection  by  separation,  and  farther,  he  conceived 
the  latter  almost  entirely  in  a  purely  geographical  sense.  Besides,  he  laid 
much  stress  upon  the  prevention  of  the  crossing  of  the  separated  groups 
of  animals,  which  is  not  at  all  the  chief  peculiarity  of  the  action  of  sepa- 
ration. So  have  all  other  authors]  in  discussing  this  principle.  But  as 
we  have  seen,  separation  acts  chietly  in  the  line,  that  each  separated  gnmp 
i$  Bulfject  to  different  condition$  of  life,  and  that  thu$  the  variatiane,  the 
directions  of  inheritance  and  natural  selection  become  different.  It  does 
not  act,  however,  always  in  this  manner,  since  separation  is  possible 

*  I  am  to  mention  that  G.  Baur  i8  almoKt  the  only  author  who  estimatrs  correctly  the 
value  of  this  principle.  See  the  refereuees  to  his  pai>crs :  Grundziigc,  etc.,  p.  29,  footnote, 
and  Srirncf,  March  r>,  189»).  p.  :i61. 

t  Origin  of  SjtfcirSj  ( -haps,  xil  and  xiii. 

I  Ibid.,  IK  H6rt'. 

^  Darwin  {Oriffin  of  Species,  pp.  98-100)  u»e«  even  the  words  "confined  or  peculiar  sta- 
tions," and  "  isolatwl  stations."  On  p.  loy  he  answer*  the  question :  "  How  ....  can  a 
variety  live  nidc  l)y  side  with  the  iMinuit  »j»ecieH?"  hy  the  following :  "  If  U>th  have  heconie 
fitted  for  slightly  difl*erent  habits  of  life  or  conditions,  they  might  live  together"  and  "the 
mure  [lennanent  varieties  are  generally  found,  a^i  far  as  I  can  discover,  inhabiting  distinct 
stati<»ns.'' 

\  For  example,  Ilaeckel  and  Weismann  :  see  Grundsiigf,  etc.,  p.  31,  footnote. 
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without  a  change  or  differentiation  of  external  conditions  of  life  :  then  a 
differentiation  of  species  does  not  result,  but  we  shall  have  the  same  spe- 
cies in  separated  localities.  We  call  such  species  "  relicts"  from  a  former 
continuous  distribution.* 

Eimer,  although  he  appreciates  the  value  of  geographical  separation, 
names  other  causes  besides:  but  what  he  calls  " genepistasis "  and 
'*  kyesamechania  "  are  nothing  else  than  particular  actions  of  separation. 

But  for  a  plain  understanding  we  should  examine  Elmer's  theoriea more 
closely.f 

Eimer}  defends  the  opinion  that  variations  are  caused  by  external  con- 
ditions, but  that  variability  is  not  an  indefinite  one,  but  that  the  varia- 
tions are  comparatively  few,  and  take  place  only  in  distinct  directions. 
There  is,  according  to  him,  no  "fortuitous"  or  "irregular"  variability,  but 
a  variability  in  certain  few  and  distinct  lines  :  he  calls  this  the  principle  of 
Orthogenetis,  and  believes  that  it  is  contrary  to  Darwin's  alleged  supposition 
of  unlimited  and  "  fortuitous  "  variability.  I  can  hardly  see  that  this  differ- 
ence from  Darwin  exists  at  all.  It  is  true  Darwin  uses  the  words  "  indefi- 
nite variability,"  but  certainly  not  in  .the  sense  as  interpreted  by  Eimor 
("zufallig,"  **regellos").  Darwin  says  :§  "  All  such  changes  of  struc- 
ture, whether  extremely  slight  or  strongly  marked,  which  appear  amongst 
many  individuals  living  together,  may  be  considered  as  the  indefinite 
effects  of  the  conditions  of  life  on  each  individual  organism,  in  nearly  the 
same  manner  as  a  chill  affects  different  men  in  an  indefinite  manner,  accord- 
ing to  their  state  of  body  constitution,"  etc.  That  is  certainly  not  a  varia- 
bility subject  to  casuality,  but  a  variability  governed  by  external  causes, 
which  may  differ  only  according  to  the  disposition  of  the  individuals,  and 
this  opinion,  that  "the  nature  of  the  organism  and  the  nature  of  the  con- 
ditions"! are  connected  in  the  formation  of  variations,  is  also  upheld  by 
Eimer.l 

Further,  he  lays  much  stress  upon  the  fact  that  variability  advances  in 
a  definite  direction  (orthogenesis),  but,  I  think,  he  confounds  here  two 
actions,  that  of  variation  and  that  of  inheritance.  Orthogenesis  is  varia- 
lion, -which  is  transmitted,  and  which  is  accumulated  by  the  repeated 
action  of  the  $ame  external  causes  upon  a  series  of  descendants.  We  can 
hardly  decide,  whether  a  variation  tends  to  advance  in  a  distinct  direction, 
unless  we  see  that  again  and  again  specimens  vary  in  the  same  direction, 

^Gnmdzuge^  etc.,  p.  34  and  p.  86. 

1 1  go  more  iuto  details  here  than  seems  perhai)S  necessary,  because  I  consider  Elmer's 
lorestigations  as  very  Important,  especially  as  regards  the  facts  collected.  But  we  shall  see 
that  Ellmer's  riews  do  not  differ  considerably  from  Darwin's,  and  that  the  chief  differences 
are  only  differences  of  terminology. 

X  Eimer,  Die  Entttefiung  der  Arten  an/  Gnind  von  Vcrerhung  encorbener  Eigeiucha/len  nach 
dfn  GtMizen  organUchen  Wacfutiuf,  i,  1888. 

I  Origin  of  Species  ^  p.  6. 

|/Md.,p.  6. 

f  Comp.  L  e.f  p.  5.  Variation  i«  effected  by  "  Wechselwirkung  zwischen  der  stofflichen 
Ziuammensetzung  des  Korpers  und  iiusseren  Einfliissen." 
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But  we  do  not  need  this  at  all.  Halmatogenesis  is  a  well-known  process 
of  iDberitance,  and  comes  under  different  heads  in  that  chapter.  For 
example,  accuniulative  inheritance  (even  orthogenesis)  may  effect  a 
sudden  rise  of  the  degree  of  development  of  a  certain  character,  or  char, 
acters  remaining  latent  during  one  or  more  generations  may  come  sud- 
denly into  reappearance,  or  farther,  atavism  may  effect  the  same.  Hal- 
matogenesis does  not  at  all  play  a  part  in  the  breaking  up  of  a  "  chain  of 
organisms,"  but  it  takes  part  only  in  the  formation  of  varieties. 

Therefore,  of  Eimer's  new  terms,  only  OenepUta$i»  and  Kyesamechania 
may  form  different  species,  and  both  are  nothing  else  than  Separation,  or 
as  Eimer  himself  says  :  "the  interruption  of  connection." 

By  this  brief  sketch  of  Eimer*s  views  we  see  that  there  is  no  consider- 
able difference  from  Darwin's  theory,*  except  that  he  considers  natural 
selection  to  be  of  minor  importance.  This  is  probably  due  to  the  fact  that 
he  has  investigated  chiefly  characters  not  at  all  subject  to  natural  selec- 
tion. He  forgets,  however,  that  even  upon  animals  provided  with  indif- 
ferent characters  natural  selection  must  necessarily  act  in  order  to  main- 
tain the  good  standard  of  all  the  other  characters.  All  the  principles 
introduced  by  Eimer :  Orthogenesis  and  halmatogenesis  as  forming  varie- 
ties in  a  distinct  direction,  genepistasis  and  kyesamechania  as  forming 
species,  are  only  new  words  for  old  ideas,  which  indeed  have  been  set 
forth  already  by  Darwin.  And  farther,  these  new  terms  are  mostly 
results  of  well-known  laws  and  not  the  primary  causes  of  the  formation 
of  varieties  or  species,  and  they  do  not  give  us  a  better  knowledge  than 
before  of  the  respective  processes,  in  some  cases,  indeed,  they  may  even 
ind  uco  con  fusion . 

As  respects  $eparati<m  we  have  seen  that  Elmer  considers  it  only  as  an 
additional t  factor  causing  speciflc  differentiation,  but  farther  we  have 
seen  that  his  genepistasis  is  also  separation.  Like  all  the  other  authors 
he  apparently  has  conceived  sei>aration  only  in  a  purely  geographical 
sense.  I  have,  however,  demonstrated^  that  we  are  to  conceive  the  term 
$eparatum  in  a  bionomical  sense,  that  is  to  say,  that  any  causes  ''effecting 
a  permanent  Interruption  of  the  bionomical  continuity  between  certain 
groups  come  under  the  head  of  separation.  Separation  keeps  particular 
groups  permanently  under  particular  conditions,  and  thus  they  are  pre- 
vented from  migrating  from  one  station  of  definite  conditions  of  life  into 
others  with  other  conditions." 

•  Eimer  identifies  Darwin's  ttieory  with  the  "  Darwinism  after  Darwin  "  (comp.  ArtbUdung 
wnd  Vemfandtscha/i  bei  SchmeUerlingm,  U,  1895,  Preface,  p.  ▼),  in  supposing  that  Darwin's 
theory  alleges  that  species  are  formed  by  natural  selection.  But  we  Icnow  that  this  is  an 
entirely  unwarranted  imputation. 

f  See  ArtbUdung f  etc.,  1895,  p.  9.  I  should  like  here  to  point  out  an  apparent  error  in 
Eimer's  arguments  for  the  origin  of  new  species  in  the  middle  of  the  range  of  the  original 
form  :  he  says  {ibid.,  p.  11)  that  the  group  of  Papilio  asterias  originated  from  aniidnt  the  pro- 
Tfnce  of  distribution  of  the  group  of  P.  machaon.  A  glance  at  his  tables  (PI.  vi-viii), 
howerer,  shows  that  this  is  not  the  case. 

tSee  ChnmdxHge,  etc.,  p.  81,  and  Amer.  Jour.  Sci.,p.  63,  et  seq  ,  1896. 
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Thlf  preTention  of  migration  is  yerj  importeiit.  MiigrM^m  (u  nndor- 
stood  by  M.  Wagner)  is  an  accessory  Uctor,  often  oodperaUng  with  sepa- 
ration,  and  often  working  against  it  Badi  species,  wlilch  originated  in 
a  limited  area,  tends  to  occupy  oUier  territories :  it  is  a  well-known  Ihet 
that  each  animal  form  possesses  Its  pecnliar  "means  of  dispeisaL"  and  by 
such  means  it  migrates.  Migrating  species  occapy  new  territories,  wliieh 
have  either  the  same  or  slightly  different  conditions  of  life :  in  the  latter 
case  migration  by  itself  may  induce  new  TariaUons  in  consequence  of  the 
slightly  modified  action  of  the  external  conditions  of  life.  Further, 
migration  is  often  slow,  or  only  possible  under  peculiar  cironmstancss^ 
often  it  is  accidental,  and  only  a  few  indlTiduals  can  transgress  the  orig- 
inal limits  on  rare  occasions :  then  eren  migration  acts  as  a  means  of 
separation.  The  few  indiyiduals  occupying  a  new  locality  are  afterwards 
practically  separated  from  the  original  stock  remaining  in  their  native 
country,  and  thus  they  may  develop  separately  into  a  different  species, 
even  in  the  case  that  immigration  fh>m  the  original  stock  is  not  altogethec 
impossible,  since  any  rare  IndiWduals  of  the  latter,  reaching  the  new  ool- 
ony  from  time  to  time,  are  soon  absorbed  by  the  new  form  and  their  char- 
acters disappear  by  tbe  continuous  crossing  with  the  modified  individuals 
and  by  the  transforming  power  of  the  eiternal  conditions.  Separation, 
however,  is  not  always  connected  with  migration  :  the  original  "centie 
of  origin  "  of  a  species  may  be  broken  up  again  into  parts,  thus  inducing 
the  origin  of  new  species,  if  the  external  conditions  favor  It. 

Separation  in  any  form  may  be  more  or  less  complete,  and  since  between 
cooiplele  continuity  and  complete  separation  intermediate  steps  are  inter- 
posed, also  a  complete  differentiation  of  species  is  reached  by  degrees. 
This  corresponds  exactly  with  what  wc  see  in  nature.  We  know  of 
many  groups,  the  species  of  which  are  very  insufficiently  limited  and  pass 
gradually  into  each  other :  in  such  cases  the  formation  of  species  is  not 
yet  accomplished.  It  is  an  incomplete  separation,  if  a  species  occupying 
a  large  area  is  divided  into  different  varieties,  which  are  locally  more  or 
less  limited,  and  differ  in  most  remote  localities  considerably,  while  in 
intermediate  places  intermediate  forms  are  present.  The  distinct  varieties 
on  the  most  extreme  limits  of  the  range  are  certainly  under  different  con- 
ditions of  life,  but  in  the  intermediate  area  transitions  are  present :  a  com- 
plete differentiation  of  species  is  not  yet  reached  here,  and  we  have  to 
regard  these  forms  still  as  varieties.    ' 

Of  course,  it  is  possible,  that  nearly  allied  species,  which  originated 
separately,  may  occupy  by  migration  the  same  territory  and  come  into 
competition  with  each  other.  If  their  morphological  and  physiological 
peculiarities  are  not  sufficiently  fixed,  there  may  result  by  hybridization  a 
new  species.  But  if  the  characters  are  well  fixed  by  inlieritance,  espe- 
cially if  there  is  '*  kyesamcchania,"  they  may  live  together  or  the  stronger 
may  suppress  the  weaker.  But  I  may  safely  say,  that  it  is  very  improbable 
that  two  closely  allied  species  ever  lived  precisely  under  the  same  condi- 
tions in  the  same  locality.    I  refer  in  this  respect  to  the  example  of  four 
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Species  of  the  Derapod  genus  Gela$iaiu$  on  the  East  AfVican  coast 
recorded  by  me.*  These  four  species  lived  in  a  particular  locality  com- 
pletely separated,  although  often  only  a  few  yards  from  each  other,  and 
a  collector  less  careful  would  have  put  them  all  together  in  one  Jar.  Yet 
as  a  rule  collectors  are  well  acquainted  with  the  fact  that  particular  spe- 
cies are  to  be  sought  for  in  particular  localities. 

IV.  I  may,  I  think,  conclude.  I  have  amply  demonstrated  that  only 
$eparation  can  effect  differentiation  of  species,  and  that  all  the  principles 
created  by  other  authors  for  this  particular  effect  come  under  the  head  of 
separation,  t.  e ,  the  breaking  up  of  a  number  of  individuals  into  groups, 
each  subject  to  particular  conditions  of  life.  Some  authors,  indeed, 
have  not  understood  at  all  that  the  whole  process  ending  in  the  formation 
of  species  is  composed  of  a  series  of  distinct  factors,  only  the  last  of 
which  is  separation.  But  I  wish  to  say  here  expressly  that  already  Darwin 
conceived  those  different  factors  correctly,  and  distinguished  them  well 
according  to  their  particular  line  of  action.  The  only  change  of  Darwin's 
views  that  I  should  like  to  propose  is  to  substitute  for  his  "  principle  of 
divergence"  that  of  ''separation."  Besides,  it  would  be  well  to  con- 
ceive the  term  "Natural  Selection"  in  a  modified  sense,  as  Pfeffer  has 
proposed,  and  we  have  seen  that  there  is  some  advantage  in  so  doing. 
And  farther,  Eimer  has  pointed  out  that  not  all  the  characters  of  each 
animal  form  are  subject  to  natural  selection  :  there  are  many  which  do 
not  bear  on  utility,  but  are  indifferent  in  this  respect.  But  since  such 
characters  are  probably  also  due  to  the  influence  of  external  conditions, 
they  may  be  transmitted  and  may  increase,  giving  origin  to  a  distinct 
direction  of  variation,!  to  a  "mutation,"  which  is  independent  of  natu- 
ral selection,  and  may  be  called  by  Elmer's  term  "  Orthogenesis." 

For  the  rest,  the  whole  of  Darwin's  theory  stands,  and  none  of  those 
"  Darwinists  after  Darwin  " — I  venture  to  say — have  been  able  to  weaken 
any  of  his  ideas  in  the  least  degree.    Especially  Weismann  has  not,  since 

*See  OmndzUgef  etc.,  p.  33,  footnote.  Compare  also  the  following  sentences  of  Petersen 
(Dei  YidenskabeUge  Ddbptte  of  Kanonbaaderu  Uauchs  Togter,  1893,  p.  455)  :  *'  Each  specie^* 
aeems  to  he  distributad  according  to  certain  rules,  which  ....  can  be  brought  in  relation 
to  ooe  or  several  ....  natural  conditions,"  and  (p.  457) :  "  no  species  is  found  everywhere 
in  our  seas,*'  and  farther :  F.  Dahl,  "  Vergleichende  Untersucbungen  uber  die  Lebensweise 
wirbelloser  Aasfresser,*'  8Uz.  Ber.  Akad,  Wits.  Berlin,  January,  1896,  pp.  29,  30. 

t  Already  Darwin  holds  the  same  opinion  and  concedes  {Origin  qf  Spf curs,  pp.  170,  171), 
that  there  are  rariations  which  appear  to  l>e  of  no  serrioe  whatever  to  their  possessors.  This 
passage  is  the  more  interesting,  since  he  talks  of  the  "  laws  of  growth,"  which  are  apparently 
identical  with  Elmer's  "Gesetzen  organischen  Wachsens."  Comp.  farther,  ibid.,  p.  175: 
*'  When  fh>m  the  nature  of  the  organbmi  and  of  the  c*onditions,  modificatiooH  have  been 
induced  wliich  are  unimportant  for  the  welfare  of  the  species,  they  may  )«  and  ajipa- 
rently  often  hare  been  transmitted  ....  to  numerous  ....  descendants,"  and  p.  176  : 
"  Morphological  diiferenoes,  which  we  consider  as  unimportant  ....  firMt  appeared  .... 
as  flactuating  Tariations,  which  sooner  or  later  became  constant  through  the  nature  of  the 
organism  and  the  surrounding  conditions."  (In  the  last  passage  the  word  I  have  italiri/^d 
■taads  orifinally  as  iwtfortani,  but  according  to  the  foregoing  and  following  sentences  thi« 
is  no  doubt  a  mlqnint ) 
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it  Is  now  demonatrated  by  the  ablest  acientiste  explictllj,*  and  by  mtnj 
others  incidentally,  that  his  theories  are  without  any  proper  fonndaUoii. 
As  regards  Elmer's  theories.  I  hare  endeavored  in  the  aboTO  to  abowt 
that  the  alleged  opposition  in  certain  points  to  Darwin  does  not  exist* 
eicept  as  Elmer  creates  new  scientific  terms  for  old  ideas*  and  as  ha  does 
not  distinguish  properly  between  cause  and  eflfect 

To  sum  up,  we  have  to  distlDguish/ottr/aetont  accomplishing  the  diver- 
sity, development  and  differentiation  into  species  of  organic  beings  :  we 
may  call  conveniently  this  whole  process  :  origin  nf  9piett$. 

1.  All  organic  brings  eaty.  There  exists  an  "Inherent  tendency  to 
vary/'t  ^^^  ^^i*  tendency  is  manifested  only  by  the  influence  of  eztensl 
causes  upon  the  respective  organism.  The  fkcnlty  of  variation  Is  an 
unlimited  one,g  but  the  actual  variation  is  limited,  namely  by  the  external 
conditions  of  life.  Variations  coming  Into  existence  are  modifications 
"  directly  due  to  the  physical  conditions  of  life,"  which  'Mn  this  sense 
are  supposed  not  to  be  inherited."!  A  variation  U  impo9iibU  witkmii 
external  eonditione  producing  it, 

2.  TkeM  tariaiioM  may  be  trammitted  to  diicendimti,^  InherltaiKce  Is 
due  to  the  process  of  propagation,  which  may  be  either  by  one  parent  or 
by  two  parents  (Amphimixis).  By  inheritance  acquired  charaeteia  are 
transmitted  from  the  parent  to  the  descendants,  and  thus  the  oonsangn- 
inity  becomes  morphologically  visible,  and  individuals  of  common  descent 
are  more  closely  connected  by  morphological  characters  with  each  other 
than  with  any  other  group  of  individuals.  By  inheritance  the  unsteady 
and  temporary  variations  are  transformed  into  varietifi,  that  is  to  say, 
into  groups  of  individuals  having  the  same  ancestors  and  resembling  each 
other  more  or  less.** 

•  r  refer  to  the  following  nnmes :  Elmer,  Ilaacke,  Iloeckel,  O.  Hertwig,  PfefTer,  Romanes, 
Sfioncer.  and  others.  I  would  eNpecially  mention  ().  Hertwig*8  book,  ZriV-  und  StrtU'Proffen 
ihr  Biolofjie,  Heft  I,  '*  Pnieformation  oder  Kplgenesls."  I  recommend  thlB  matterptece  of 
criticism  for  study,  not  only  Ijecause  it  rcfuteH  completely  Weismann'A  fantastic germ-plasma 
theory,  but  tiecause  the  ex|M)Hition  of  this  theory  given  in  that  work  is  much  more  intelli- 
gible than  that  given  by  Weismann  himself.  In  his  latent  pai>er  ("Germinal  Selection,*' 
pp.  282,  283  and  286)  Weismann  refers  to  Hert wig's  criticism  :  but  his  remarks  are  entirely 
aside  from  the  question,  since  they  do  not  touch  the  chief  point,  and,  partly  (p.  2^),  attri- 
bute to  Hertwig  an  opinion  which  the  latter,  according  to  his  own  expreaa  statemeat,  did 
not  entertain  (>ee  pp.  10  and  11  of  Hertwig's  bo<ik). 

fSee  Grundztige,  etc.,  p.  82. 

X  Darwin,  Var.  and  Domes.,  p.  2. 

if  Unless  checked  by  inheritance  I 

I  Darwin,  Orig.^  p.  33. 

f  The  transmission  of  ac(|uired  characters  is  denied  by  many  com|)etent  naturalists  and 
cannot  be  regarded  as  demonstrated.  In  tlie  problems  of  geographical  diAtrilmtion  one  iy  con- 
tinually brought  back  to  this  as  a  probable  assumption,  and  I  propound  it  here  as  a  "  work- 
ing hypothesis.*' 

"♦Darwin,  Orig.,  p.  38:  In  "the  term  variety  ....  community  of  descent  is  ...  .  im- 
plied." 
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The  process  of  inheritance  is  most  obscure.*  We  know  nothing  of 
the  causes  of  inheritance  or — perhaps  it  is  better  to  say — of  non-inheritance 
often  occurring.  Weismann's  theory  of  inheritance,  even  if  we  accept  it 
(as  I  do  not),  does  not  ei plain  the  essence  of  heredity  :  it  merely  refers 
inheritance  to  minute  processes  in  fertilization.  But  this  knowledge  that 
heredity  is  due  to  the  peculiarities  in  propagation  is  a  very  old  one,  as 
old  as  modern  zoology  and  perhaps  even  older,  and  more  accurate  knowl- 
edge of  the  minute  details  in  propagation,  and  their  arbitrary  augmenta- 
tion by  supposed  complications  does  not  promote  our  understanding  of 
heredity.  Yet  we  do  not  know  how  the  "tendencies  of  inheritance  "  of 
the  germs  (or  parts  of  the  germs)  are  transferred  to  the  '*  soma  "  of  the 
descendants;  wo  do  not  know  how  the  germs  get  these  "tendencies" 
from  the  "soma  "  of  the  parents  ;  we  do  not  know  why  certain  "  tenden- 
cies "  become  visible  in  the  descendants,  while  others  do  not ;  we  do  not 
know  what  a  "tendency  of  inheritance  "  is  like  anyhow.f  A  theory  of 
inheritance  has  to  endeavor  to  answer  the  questions  put  here,  otherwise 
it  does  not  explain  anything,  and  the  essence  of  heredity  continues  to  be 
as  obscure  as  before. 

By  inheritance  and  repeated  action  of  particular  external  conditions  a 
distinct  direction  of  variation  may  be  induced :  certain  animal  forms  tend 
again  and  again  to  vary  in  the  same  direction,  and  the  degree  of  the  varia- 
tions is  thus  increased.  This  process  is  what  Eimer  calls  orthogenesis, 
and  if  the  action  of  the  external  conditions  as  well  as  of  inheritance  is 
not  a  steady  one,  but  interrupted  and  irregular,  we  have  his  halmatogen- 
esis.  Both  terms  clearly  come  under  the  head  of  inheritance.  Ortho- 
genesis and  halmatogenesis  can  effect  "  mutations,"  but  we  must  bear  in 
mind  that  here  no  principle  of  utility  comes  into  play. 

It  is  well  to  be  noted  that  the  two  factors  mentioned,  variation  and 
inheritance,  act  only  upon  single  individuals.  They  act  often  upon  a 
number  of  individuals  in  the  same  or  analogous  manner,  but  each  individ- 
ual can  vary  and  inherit  without  regard  to  others.  The  two  following 
principles  (natural  selection  and  separation)  can  only  act  upon  a  multi. 
tade  of  individuals  simultaneously,  and  their  action  becomes  conspicuous 
only  by  the  comparison  of  many  individuals. 

8.  Upon  the  material  produced  by  variation  and  inheritance  acts  a  third 
factor:  Hatural  Selection.  By  this  priociple  all  variations  injurious  in 
the  struggle  for  existence,  all  the  forms  not  fitted  for  existence  under  a 

*See  Oibom  ("The  Hereditarj  Mechanism  and  the  Search  for  the  Unknown  Factors  of 
Eroltttion,"  Biol.  LecL  Mar.  Biol.  Lab.,  Wood's  Holl.  1895) :  "  If  acquired  vanations  are 
transmitted  there  must  be  some  unknoim  principle  in  heredity." 

fOf  course,  Weismann  has  tried  to  answer  these  questions,  at  least  partly,  by  hLs  "  theo- 
ries/' Imt  such  questions  cannot  be  explained  at  all  by  "  theories,"  the  very  foundations  of 
whidi  are  either  disputable  or  arbitrary,  or  even  illogical  and  contrary  to  the  known  i^cx*. 
On  the  whole,  Weismann's  arguments  run  in  a  perfect  circulus  vUUittu.  His  the<^ry  of  iuher- 
itanoe  is  founded  apon  the  belief  that  acquired  variations  are  not  transmitted,  and  tlie 
demonstration,  that  acquired  variations  are  not  transmitted,  is  founded  upon  the  belief 
that  his  theory  is  correct  (eomp.  Neue  Gedanken  zmr  Vererbun giraffe,  1895,  pp.  11  and  21). 
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certain  mm  of  conditions  of  life  ue  dettroyod.  The  remnant  Mi  li  (Li 
for  exbtence,  and  all  the  indlTidoals  sarviTing  are  able  to  lite  and  propa- 
gate. There  may  be  slight  differences  between  them,  espedall  j  as  regards 
characters  not  bearing  on  utility,  but  a  certain  aTcrage  of  good  eharaeten 
is  present  Natural  selection  at  least  presenres  this  good  average,  and  if 
there  arise  any  useful  characters,  a  smaller  percentage  of  the  indlvldaals 
possessing  the  latter  Is  destroyed,  and  thus  the  better  IndiTidnals  may 
gain  little  by  little  the  preponderance  in  number :  the  aTcrage  la  displaced 
slowly  in  a  distinct  direction,  namely,  toward  the  better.  This  latter 
"  mutation  "  is  distinguished  ftrom  the  mutation  by  mthogenesis  hf  the 
advantage  connected  with  the  particular  line  in  which  the  change 
advances.  Natural  selection  effects  a  general  adaptation  of  the  whole 
number  of  the  surviving  individuals  to  particular  conditions  of  life. 

4.  But  natural  selection  does  not  form  species ;  it  only  preservea  or 
transforms  already  existing  species.  If  we  suppose,  however,  that  of  the 
individuals  surviving  In  natural  selection  different  groups  are  upmraM 
(torn  each  other  under  different  conditions,  and  that  this  s^yoratfrn 
cannot  be  overcome,  so  that  each  group  must  remain  under  the  constant 
action  of  particular  conditions,  the  difference  of  the  latter  effect^,  that 
each  group  tends  to  develop  its  characters  In  a  different  direction.  It  Is 
true,  if  upon  each  separated  group  the  same  external  condltlona  act  In  the' 
ssme  manner,  there  would  be,  of  course,  no  separstion  of  the  directions 
of  development.  But  differentiation  of  the  external  conditions  hj  bkh 
nomic  separation,  and  the  splitting  into  groups  of  individuals  living  for- 
merly under  tbe  same  conditions  will  give  origin  to  different  characters  in 
each  group,  and  animals  distinguished  by  the  constant  presence  of  differ- 
ent characters  we  call  »pecie$,  Difftreni  specieB  are  formed  hy  bionamic 
$eparation  ;  geparation  does  not  always  imply  differentiation  of  the  condi- 
tions of  life,  and  accordingly  does  not  always  form  new  species  ;  but  \f  there 
is  a  differentiation  into  species,  it  is  always  due  to  separation  under  different 
bionomic  conditions. 

In  the  above  the  particular  action  of  each  of  the  four  chief  factors  play- 
ing a  part  in  the  evolution  and  diversiflcatlon  of  the  organic  world  Is 
properly  limited.  We  have  seen  that  the  two  last-named  factors,  selec- 
tion and  separation,  are  imitated  by  man  in  the  breeding  of  domesticated 
animals.  Both  nature  and  man  use  the  material  furnished  by  variation, 
and  the  success  of  both  is  warranted  under  the  condition  that  the  acquired 
characters  may  be  fixed  by  hereditary  transmission.  The  four  factors 
named,  variation,  inheritance,  selection  and  separation,  must  work 
together,  in  order  to  obtain  different  species,  and,  indeed,  they  do  so 
always;  it  is  impose ibie  to  think  that  one  of  them  should  work  by  itself, 
or  that  one  could  be  lef^.  aside. 

The  proper  action  of  each  of  these  factors  was  recognized  almost  cor- 
rectly by  Darwin,  only  as  respects  the  differentiation  of  species,  which  be 
attributes  to  the  principle  of  divergence,  he  was  not  quite  satisfied.*    But 

•  Darwin,  Origin,  p.  87  :  "  Though  it  waa  a  long  time  before  I  saw  how."  ' 
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most  of  the  successora  of  Darwin,  especially  those  who  pretended  to 
have  modified,  corrected  or  enlarged  his  views  in  any  respect,  have  not 
understood  his  theory  correctly  :  generally  the  origin  of  variations,  vari- 
eties and  species  has  been  hopelessly  confused,  and  the  latter  is  especially 
true  of  the  writings  of  Weismann,  in  which  the  origin  of  species  and  vari- 
eties, and  the  origin  of  the  adaptive  characters  of  life  are  mixed  up  con- 
stantly. • 

In,  conclusion  I  should  like  to  add  that  the  principle  of  separation,  as 
set  forth  above,  bears  very  importantly  on  the  definition  of  the  systematic 
term  Species,  and  indeed,  that  it  alone  enables  us  to  give  a  correct  defini- 
tion of  it  There  is  no  doubt  that  a  proper  and  logical  definition  of  any 
term  depends  largely  on  the  knowledge  of  the  genesis  of  the  object,  and 
in  the  present  case  we  may  say  that  if  the  process  of  the  formation  of 
species  is  properly  understood,  we  can  derive  from  this  knowledge  a  defi- 
nition of  the  term  species.  In  my  book  often  above  referred  to,  I  have 
propounded  the  following:!  "  ^^  designate  as  Species  such  forms  as  in 
conseqxunce  of  sepabation  differ  sharply  and  constantly  by  morphological 
characters  from  allied  coexisting  forms.  "  It  is  not  necesBary  that  separa- 
tion should  be  still  evident  in  all  the  existing  species :  the  separating 
causes  have  often  disappeared,  while  their  result,  the  different  species, 
still  exist.  But  then  the  separation  in  the  past  must  have  been  sufiicient 
to  modify  and  differentiate  the  respective  forms  in  such  a  degree  that 
the  characters  are  fixed  by  inheritance,  so  that  changed  external  condi- 
tions cannot  influence  them  again,  and  farther,  there  must  be  kyesame- 
chania,  which  prevents  hybridization.  The  possibility,  however,  of 
hybridization  by  artificial  means  cannot  be  always  regarded  as  a  proof 
against  the  value  of  the  respective  forms  as  species  :  if  two  species  live 
separated  they  do  not  interbreed  in  nature,  and  if  they  are  forced  to  do 
so,  this  possibility  cannot  affect  their  value  as  species  under  normal 
and  natural  conditions. 

As  separation  is  reached  by  degrees,  distinct  species  must  have  devel- 
oped gradually,  and  sucli  must  still  develop.  We  know  numerous 
examples  of  so-called  "polymorphous"  genera,  where  apparently  the 
process  of  formation  of  species  is  beginning  or  not  yet  accomplished.  It 
18  true,  variations,  varieties,  and  species  pass  gradually  into  each  other, 
but  this  does  not  imply  that  these  three  terms  shall  be  treated  alike, 
and  that  there  is  no  difference  at  all  between  them.  A  tree  is  not  a 
shrub,  although  there  are  intermediate  growths.  So  we  can  give  a 
correct  definition  of  variety  and  species,  although  there  are  intermediate 
forms,  which  may  be  doubted,  whether  they  belong  to  the  one  or  the 
other. 

*Thia  conftision  of  WeiBmann's  ideas  is  most  evident  in  the  two  last  pages  of  tiis  latest 
pablication  ("Germinal  Selection,"  The  Monist,  Vol.  6,  No  2,  January,  1896,  pp.  292,  293). 
This  whole  pe|>er  is  devoted  to  the  demonstration  of  the  action  of  natural  selection  as  efl'ect- 
Ing  adaptaHon,  and  though  he  says  that  "  the  mode  of  formation  of  the  living  world  as  a 
whole  "  majr  be  anderstood  by  this  princ^le  ! 

t  See  2.  e.,  p.  32. 
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Tlte  priacipio  oteonitnnl  difftrentt  is  praclloallf  applied  gcnerftlly  h; 
syBtemntists.  and  I  hope  I  iiare  givoii  above  a  logical  foundation  orihli 
principle.  In  many  cases,  indet^d.  the  conslancy  or  difference  is  Ihc 
only  means  by  which  Bpccles  can  be  distinguished,  if  the  former  or  thr 
actual  separation  of  th(?  respective  forms  cannot  be  made  out  wlib 
certainty.  But  in  all  cases,  where  an  actnal  separatioa  is  evident,  wo 
should  consider  Iho  respective  forms,  If  morphologically  distinct.  M 
species,  not  as  varieties.  Under  the  new  deSnition  of  the  term  spcdM 
given  here,  many  of  the  so-called  local  varieties  become  species,  siaM 
BucU  are  often  distinguished  only  because  the  dilTerences  from  "  good  " 
species  are  only  slight  ones  and  arc  Dot  considered  as  important  enou^ 
a  distinct  species.  Bnt  tliie  standpoint  is  not  correct :  Mtf 
dlRerence  in  characters,  however  slight,  cunstitutes  adielinut  species,  If. 
and  due  to  separation. 
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Stations,  New  Haven,  Conn.  (149),  Knoxville,  Tenn.  (149), 
Manhattan,  Kans.  (149),  St.  Anthony  Park,  Minn.  (138-141). 
Accessions  to  the  Library  were  reported  from  the  Socidt^ 
de  Geographic,  Alger,  Africa ;  South  African  Philosophical 
Society,  Cape  Town ;  Observatory,  Adelaide,  Australia ;  R. 
Geographical  Society,  Melbourne,  Australia  ;  Tokyo  Library, 
Tokyo,  Japan ;  Observatory,  Madras,  India ;  Socidtd  Rou- 
maine  de  Geographic,  Bukarest ;  M.  Enzio  Renter,  Helsing- 
fors,  Finland ;  Naturforscher  Gesellschaft,  Dorpat,  Russia  ; 
Naturforscher  Verein,  Riga,  Russia  :  Soci^td  de  Geographic, 
St.  Petersburg,  Russia ;  K.  Nordiske  Oldskrift  Selskab, 
Lieut.-Col.  Axel  Staggemeier,  Copenhagen,  Denmark ;  K. 
Svenska  Vetenskaps  Academic,  Stockholm,  Sweden ;  Mus^e 
Teyler,  Harlem,  Holland ;  Nederlandsche  Letterkunde 
Maatschappij,  Leiden,  Holland;  K.  Bibliotheek,  's  Graven- 
hage,  Z.  Holland ;  Socidtd  Entomologiquc  de  Belgiquc, 
Society  Belgo  de  Geologic,  de  Pal^ontologie,  etc.,  Bruxelles, 
Belgique  ;  Naturforschender  Verein,  Briinn,  Austria  ;  Sieben- 
biirgische  Verein  f.  Naturwissenschaften,  Hormannstadt, 
Austria ;  Naturhistorische  Landes-Museum  in  Kaniten, 
Klagenfurth ;  K.  K.  Sternwarte,  K.  B.  Gesellschaft  d.  Wis- 
senschaften,  Prag,  Bohemia ;  I.  R.  Accademia  degli  Agiati, 
Roveredo,  Tyrol ;  K.  K.  Central  Anstalt  f.  Meteorologie,  K. 
B.  Gesellschaft  d.  Wissenschaftcn,  Vienna,  Austria ;  Physi- 
kalische-Technische  Reichsanstalt,  K.  P.  Geologische  Lan- 
desanstalt,  Physiologische  Gesellschaft,  Association  G^od^s- 
ique  Internationale,  etc.,  Berlin,  Prussia  ;  Naturwissenschaft- 


198  IBepi.  t. 

liche  Verein,  Bremen,  Germany ;  NaturwiBsenscIiaftlii-hc 
Geaelkchaft  "  Isis,"  Dresden,  Saxony;  Verein  f,  die  Ge- 
schiclite  mid  Altcrthumskimdc,  Erfurt,  Prusaia ;  Vcreiii 
f.  Geographic  und  Statistik,  Frankfurt  a.  M.,  Germany; 
Kalunviasenachaften  Verein  f.  d.  Reg.  Bez,,  Frankfurt  a. 
O.,  Prussia ;  Verein  der  Freunde  der  Natm^cBcbichtu  in 
Mecklenburg,  Giistrow ;  Naturwissenechaftliche  Verein  f. 
Suliicswig-Holstein,  Kiel,  Prussia ;  Institut  Grand- Ducal, 
Luxembourg,  Germany  ;  Bayorische  Botaniscbe  Gesetbicbaft, 
Mtincheu ;  Wiirttembergisclie  Verein  f.  Handclsgeographie, 
Stuttgart;  Verein  f.  Kuaist  und  Altertbum,  Ulra,  Wiirttem- 
berg  ;  llittelscbweizeriache  Geographiech-Comniercielle  Ge- 
sellscbaft,  Aarau,  Switzerland;  GeograpLische  Gesellschaft, 
Borne,  Switzerland ;  Soei^t^  Vnudoise  des  Sciences  Naturelles, 
Lausanne,  Switzerland  ;  Soci^t^  Neucbatoloiae  de  Geograpliie, 
Neucliatel,  Switzerland ;  Naturwissonschaftliclie  GeseUschafl, 
St.  Gal!,  Switzerland ;  Naiurforscbende  Geeellachaft.  Zuricli, 
Switzerland;  B,  Instituto  di  Studi  Superiori.  Practice,  etc, 
Firenze,  Italia ;  Societi  Toscana  di  Scienze  Naturali.  Pisii, 
Italy  ;  E.  Comitate  Geologico  d'ltalia,  Homa  ;  R.  Accademia 
delle  Scienze,  Torino,  Italia  ;  R.  Iiistituto  Veneto  di  Scienze, 
etc.,  Venice,  Italy  ;  Soci^t^  Linn^ene,  Bordeaux,  France ; 
Acad^raie  N.  des  Sciences,  Caen,  France  ;  Soci^t^  d'Histoire 
et  d'Arcb^ologie,  Chalon-sur-Saone,  France  ;  University  de 
Lyon,  Lyon,  France ;  Soci^t^  de  Physique,  Bureau  dee 
Longitudes,  Soci^t^  Pbilologique,  Soci€t^  Zoologique  de 
France,  Soci6t€  de  Geographie,  Minist^re  de  1 'Instruction 
Publique,  Paris,  France;  Cambridge  University,  Cam- 
bridge, Eng.;  E.  Cornwall  Polytechnic  Society,  Falmouth, 
Eng.;  Eoyal  Institution  of  Great  Britain,  Victoria  Institute, 
London,  Eug.;  Radcliffe  Observatory,  Oxford,  Eng.;  R. 
Irish  Academy,  B.  Dublin  Society,  Observatory  of  Trinity 
College,  Dublin,  Ireland ;  N.  S.  Institute  of  Science, 
Halifax ;  Natural  History  Society,  Montreal,  Canada : 
Society  of  Natural  Historj-,  Boston,  Mass.;  Peabodv 
Museum,  Mr.  T.  11.  Higginson,  Cambridge,  Mass.;  Ameri- 
can Association  for  Advancement  of  Science,  Salem,  Mass.; 
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E.  I.  Historical  Society,  Dr.  Albert  Leffingwell,  Providence, 
E.  I.;  Connecticut  Historical  Society,  Hartford;  Yale 
University,  New  Haven,  Conn. ;  Brooklyn  Library,  Brook- 
lyn, N.  Y.;  Buffalo  Library,  Historical  Society,  Buffalo, 
N.  Y.;  Historical  Society,  Academy  of  Sciences,  Mr.  Thomas 
A.  Davies,  New  York ;  Geological  Society  of  America, 
Academy  of  Sciences,  Rochester,  N.  Y.;  Rev.  Thomas 
C  Porter,  Easton,  Pa.;  Pennsylvania  Geological  Survey, 
Harrisburg,  Pa.;  Wagner  Free  Institute,  Protestant  Episco- 
pal Diocese  of  Pennsylvania,  American  Medical  Association, 
Drs.  D.  G.  Brinton,  Persifor  Frazer,  Charles  A.  Oliver, 
Messrs.  John  F.  Lewis,  Julius  F.  Sachse,  Philadelphia  ;  Amer- 
ican Historical  Association,  U.  S.  Fish  Commission,  U.  S. 
Coast  and  Geodetic  Survey,  U.  S.  Department  of  Agriculture, 
Bureau  of  Ethnology,  Washington,  D.  C;  Tulane  Univer- 
fiityjof  Louisiana,  New  Orleans ;  Missouri  Botanical  Garden, 
St.  Louis ;  Iowa  Geological  Survey,  Des  Moines ;  State 
University  of  Iowa,  Iowa  City ;  University  of  California, 
Sacramento  ;  Kansas  Historical  Society,  Kansas  Academy  of 
Sciences,  Topeka ;  University  of  Wyoming,  Laramie ;  Rt. 
Rev.  Bishop  Crescencio  Carrello,  Merida,  Yucatan ;  Instituto 
Medico  Nacional,  Mexico,  Mex.;  Museo  Nacional,  Oficina 
Meteorologica  Argentina,  Buenos  Aires,  S.  A.;  Soci^td  Sci- 
•entifique  du  Chili,  Santiago ;  Instituto  Fisico-Geografico  N. 
San  Jos^  de  Costa  Rica,  C.  A.;  Museo  Paulista,  S.  Paulo, 
C.  A.;  Agricidtural  Experiment  Stations,  Burlington,  Vt., 
New  Haven,  Conn.,  Storrs,  Conn.,  Blacksburg,  Va.,  Raleigh, 
N.  C,  Lincoln,  Neb.,  Las  Cruces,  N.  M. 

A  photograph  for  the  Society's  album  from  Dr.  P.  Topi- 
nard,  Paris,  France. 

The  following  deaths  were  annoimced  : 

Prof.  Dr.  Ernest  Curtius,  Berlin,  Prussia,  July  11,  1896. 

Prof.  Gabriel  Auguste  Daubree,    Paris,   France,   May  29, 
1896,  aBt.  81. 

Prof.  Abel  Hovelacque,  Paris,  France. 

Sir  William  Robert  Grove,  London,  Eng.,  August  2,  1896, 
^t.  85. 
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Sir  Joseph   Preslwich,    Slioreliam,    near  Sevenoaks,  Kent,  ! 
Eng.,  June  25,  189ti. 

Prof.  Joaiah  D.  Whitney,  CambriJge,  Mass.,  August  19, 
189(J,  set.  77.  | 

Mr.  Lew-is  A.  Scott,  Philadelphia,  August  11,  1896,  set. 
T7.  \ 

Mr.  Henry  D.  Wireman,  PhiJacIelphia,  May  30,  18fl6,  hA. 
50. 

Prof.  Hubert  Anson  Newton,  New  Haven,  Conn.,  AuguAj 
12,  1896,  ret.  66. 

The  President  waa  requested  to  appoint  membcre  toprepai*  J 
obituaries  of  L.   A.   Scott,  H,   D,    Wireman  and  Gabriel 
Auguste  Danbri^e. 

A  letter  from  Prof.  Branner  was  read  tninamitting  a  papi 
on  the  "  Marine  Fossils  of  the  Coal  Measures  of  ArkaQsas,'\ 
by  Dr.  J.  P.  Smith. 

On  motion  the  paper  was  referred  to  a  commiitce  for  e 
illation  and  report. 

Pending  nominations  1332,  1334,  1357,  and  new  notniw 
tions  1358  and  1359  were  read. 

On  motion  of  Mr.  Tatham,  the  President  waa  requested  to 
appoint  a  representative  of  this  Society  at  the  International 
Congress  of  Geologists,  to  be  held  in  St.  Petersburg,  Hussia, 
in  1897. 

On  motion.  Dr.  D.  G.  Brinton  was  appointed  the  represen- 
tative of  this  Society  at  the  International  Congress  of  Ameri- 
canists in  Havre  in  1897. 

The  rough  minutes  were  read  and  approved,  and  the  meet- 
ing adjourned  by  the  presiding  member. 


Stated  Meeting,  September  IS,  1896. 

Curator,  Dr.  J.  C.  Morris,  in  the  Chair. 

Present,  9  members. 

Correspondence  was  submitted  as  follows  : 

From  the  President,  appointing  Messrs,  Cope,  Lyman  and 
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Prime  a  Committee  to  examine  the  paper  on  **  The  Fossils  of 
the  Coal  Measures  of  Arkansas  ;''  Dr.  G.  E.  Morehouse  to  pre- 
pare an  obituary  of  L.  A.  Scott ;  Prof.  J.  P.  Lesley  that  of 
Gabriel  Aug.  Daubr^e. 

Dr.  Frazer  was  appointed  to  represent  this  Society  at  the 
International  Congress  of  Geologists  to  be  held  in  St.  Peters- 
burg in  1897. 

Letters  of  envoy  from  the  Academic  R.  Su(^doise  des 
Sciences,  Stockholm ;  Soc.  E.  de  Geographic,  Anvers,  Bel- 
gique  ;   Johns  Hopkins  University,  Baltimore,  Md. 

Letters  of  acknowledgment  from  the  Eoyal  Society  of  N. 
S.  W.,  Sydney  (148,  149) ;  Public  Library,  Wellington,  New 
Zealand  (148,  149) ;  Geological  Survey  of  India,  Calcutta 
(149) ;  Hungarian  Academy  of  Science,  Budapest  (143,  146- 
149) ;  K.  K.  Stemwarte,  Prag,  Bohemia  (149) ;  Gesellschaft 
far  Erdkunde,  Berlin,  Prussia  (149) ;  Library  of  Bonn,  Prus- 
sia (149) ;  Geographical  and  Statistical  Soc,  Frankfurt  a.  M. 
(143-146,  149)  ;  K.  Leop.  Carol.  Akademie,  Halle  a.  S.  (149); 
Kolonial  Museimi,  Haarlem,  Holland  (149) ;  Verein  f.  Thiir- 
ingische  Geschichtc  u.  Alterthums,  Jena,  Germany  (149) ; 
Phys.  Okon.  Gesell.,  Konigsberg  (148) ;  E.  Institute  di  Studi 
Superiori,  Firenze,  Italia  (148,  149) ;  Prof.  E.  Levasseur  (148, 
149),  Marquis  de  Nadaillac,  Paris,  France  (149) ;  Meteoro- 
logical Office,  London,  Eng.  (149) ;  Prof.  A.  Agassiz,  Cam- 
bridge, Mass.  (149). 

Accessions  to  the  library  were  reported  from  the 
Observatoire  Imp6rial,  Constantinople,  Turkey ;  Anthro- 
pological Society,  Tokyo,  Japan ;  Ponasang  '  Missionary 
Hospital,  Foochow,  China;  Dr.  Aristides  Brezina,  Vienna, 
Austria ;  K.  P.  Meteorologische  Institut,  Berlin ;  Mr.  A.  C. 
Tannert,  Neisse,  Prussia ;  Physikalisch-Oekonomische  Ge- 
sellschaft, Konigsberg,  Prussia  ;  E.  Accademia  di  Belle  Arti, 
Milan,  Italy;  Institut  International  de  Statistique,  Eome, 
Italy ;  Ministre  des  Travaux  Publics,  Dr.  E.  T.  Hamy,  Paris, 
France  ;  E.  Academia  di  Ciencias  y  Artes,  Barcelona,  Spain ; 
Linnean  Society,  Cobden  Club,  Meteorological  Office,  London, 
Eng.;    University    Laval,    Quebec ;    Mr.    Wharton    Barker, 
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Prof.  E,  D.  Cope,  Pliiladelphia ;  Commissioner  of  Jjabor, 
Washiugton,  D.  C;  OLio  Arehteological  and  Historical  Soci- 
ety, Columbus;  Society  of  Natiiral  History,  Cincinnati,  O. 

The  death  of  Prof  G.  Erowu  Goodc,  Director  of  the  U.  S. 
National  Museum,  ■Wasiiington,  D.  C,  September  6,  1896,  ajt. 
46,  was  announced. 

Dr.  Brinton  read  a  paper  on  the  "  Vocabulary  of  the  Noan- 
ama  Dialect  of  the  Choco  Stock.'" 

Dr.  Horn  spoke  of  the  difficulties  of  reporting  these  unwriW 
ten  dialects  owing  to  the  absence  of  a  standard  of  pronunoia 
tion.  He  alao  adverted  to  the  evident  use  of  the  "  r' 
which  was  absent  in  the  Indian  dialects  of  western  America. 

Dr.  Frazer  suggested  the  uae  of  the  synihole  made  by  t 
phouograjjhic  stylus,  as  he  Iiad  described  them  in  a  pap< 
read  before  this  Society,  April  5,  1878. 

Pending  nomiuatioua  1332,  133-t,  1357.  135S,  1369  and  nei 
nominations  1360  and  1361  were  read. 

The  rough  minutes  were  read  and  approved,  and  the  Society-I 
adjourned  by  the  presiding  mem!>er. 


Vocabulaty  of  the  Noanama  Dialect  of  the  Choee  Stock. 

By  Daniel  G.  Brinton,  M.D. 

{Read  before  the  American  Philosopkical  Society,  Sept.  z8,  iS{f6). 

In  the  Proceedings  of  this  Society  for  November  last  CVol.  xxxiv, 
pp.  401,  401),  I  presented  a  short  vocabulary  of  the  Andagueda 
dialect  of  the  Choco  stock,  obtained  by  Mr.  Henry  Gregory 
Granger  on  the  upper  waters  of  the  Atrato  river,  Colombia,  South 
America. 

During  the  summer  of  the  present  year,  Mr,  Granger  visited  the 
west  coast  of  Colombia,  and  at  the  mouth  of  the  river  San  Juan  (N. 
lat.  5°)  met  a  tribe  of  about  fifty  Indians,  who  spoke  an  idiom, 
said  not  to  be  understood  by  those  of  the  interior  or  the  other  coast 
tribes.  They  are  still  rather  primitive  in  culture  and  have  the 
peculiarity  of  piercing  their  ears  to  form  apertures  about  half  an 
inch  in  diameter,  in  which  they  insert  bunches  of  sweet-smelling 
herbs. 
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Mr.  Granger  took  occasion  of  an  enforced  delay  at  their  hamlet 
to  collect  some  words  of  their  language,  which  he  sent  me  for  ex- 
amination. On  comparison  it  proves  to.  be  a  dialect  of  the  Choco 
stock,  evidently  the  Noanama,  that  being  the  name  of  the  tribe 
which,  in  recent  years,  was  located  on  the  upper  waters  of  the  Rio 
San  Juan. 

The  statement  that  it  is  unintelligible  to  their  neighbors  need 
cause  no  surprise,  as  this  is  apt  to  be  asserted  of  closely  related  dia- 
lects of  the  same  family.  From  this  habit,  the  old  writers  were  ac- 
customed to  believe  that  in  America,  especially  South  America,  as 
Cieza  de  Leon  averred,  each  day's  journey  brought  them  into  a 
totally  different  language.  In  fact,  the  modern  studies  of  South 
American  tongues  are  rapidly  diminishing  the  linguistic  stocks  of 
that  continental  area.  This  vocabulary  is  valuable,  therefore,  not 
only  for  itself  but  as  dispelling  another  delusion  of  this  nature. 


Man, 

emcoydah. 

Woman, 

doedah. 

Sun, 

ehdow. 

Fire, 

eggdbw. 

Water, 

daugh. 

Head, 

paro. 

Eye, 

(f  01/^  (as  English  "now'). 

Ear, 

kdtchee. 

Mouth, 

e  (as  in  English V 

Nose, 

kayoh^  (in  one  syllable). 

Tongue, 

mayungkunah. 

Teeth, 

kuyehrdh. 

Hand, 

hooah. 

Foot, 

beu  (as  in  French  beurre). 

House, 

dee. 

Boy, 

emeoydum. 

Girl, 

ooedum. 

Hot, 

paitchke. 

Cold, 

nemheitchaga. 

Day, 

assdowwah. 

Night, 

ehdarrah. 

Fish, 

kuoorah. 

Sea, 

pwassah  (the  picas  very  nasal) 

Canoe, 

happakkah. 

Comments. 

Martf  Woman, — In  all  the  Choco  dialects  these  are  compound 
words,  having  the  same  second  element  {eda^  era,  ena,  ira),  which 
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must  be  generic  for  "human  being,"  preceded  by  an  clement  indi- 
cating sex,  emu  (erne,  umu,  'mu,  uma,  im)  for  the  masculine,  and 
»!■  {Ill,  aue)  for  the  feminine.  These  have  analogies  in  neighbor- 
ing stocks.  The  words  for  day  and  girl,  given  above,  are  the  same 
as  for  man  and  wamaa,  with  a  suffixed  "i,  indicating  diminutive 
size  {diim  =t/dA-m). 

Sitn,  Moon. — Mr,  Granger  does  not  give  the  word  for  moon,  but 
other  vocabularies  show  that  it  is  the  same  as  for  sun,  edau,  the  dis- 
tinction being  made  by  adding  night,  or  some  such  term.  This  is 
common  in  American  languages.  The  similarity  between  the 
words  for  sun  and  fire  is  accidental,  and  is  not  borne  out  by  other 
dialects  of  the  stock. 

Water. — The  word  given  daiigh  (otherwise  do)  properly  means 
"  river."     The  Choco  word  for  water  in  general  '\%pania. 

Tongue. — Other  vocabularies  give  mcuhina. 

Foot. — Another  vocabulary  gives  bo-pidi.  The  first  syllable  is 
evidently  identical. 

Day,  Night. — Evidently  compounds,  the  second  element  dowwah 
or  Harrah  being  the  same,  the  prefixes  ass  and  eh  (or  probably  ehd) 
distinguishing  the  concepts.  The  latter  seems  to  be  the  same  as  in 
ehdow,  sun  or  moon. 

Sea. — This  is  the  usual  Choco  word,  fntscha. 

Canoe. — The  Choco  term  is  hampua,  of  which  happakah  is  prob- 
ably a  variant. 

The  words  given  for  hot,  eoid,  fish,  are  those  not  fonnd  in  my 
vocabularies  of  other  dialects.  They  may  be  synonyms  or  bor- 
rowed expressions. 

The  numerals,  as  given  by  Mr.  Granger,  are : 


Thre,^, 

tnnhitopah. 

Four. 

h'ljinnppak. 

Fivi., 

tiir-iuibnh. 

Ton, 

hwniiputamah. 

Twenty, 

urriiionambah. 

Thirty, 

orrmonabhaTr 

Forty, 

The  system  is  evidently  vigesimal ;  orrmon-amhah  =  one  twenty, 
20  X  I ;  orrmon-noome,  20  X  2,  etc.  In  the  usual  Choco  it  is 
quinary,  as  tua  soma,  5  ;  ome  jiiA  soma,  2X5  =  10;  guimanejua 
soma,  4  X  5  ^^  20,  etc. 
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On  the  Second  Aiil'-mimil  a^fj/in. 


.1  a  FfW  LibdhdkhT. 


By  Martha  Preeman  Goddard. 


i  hr^ore  the  A 


Philo»opkCeal  Society,    Oetober  ?,  ISDU) 


Tn  the  t, 


?  of  1 


clion  with  i 


y  work  in  the 
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zoological  liepariment  in  Wellesley  College,  a  somowhal  careful  aluily 
of  ihe  secoufl  ubdoniinal  segnieiit  and  iho  iienis  iu  a  few  male  Libel- 
Inllnie.  Though  I  was  unable  to  (to  all  tliat  I  lintl  planned.  It  seema 
worth  while  to  ])ul)1ish  my  resiiltx  in  spile  of  their  fragmentariness, 
kince  they  may  tecvc  asa  basis  fur  the  work  of  some  one  else. 

I  wishetl  to  learn  the  ilotails  of  external  siructure  in  tbls  part  of  the 
body  and  lo  ilt>tenuioe  as  far  as  posaiblo  the  homologies  of  lUe  various 
parts.  The  species  studied  were /J/pInz  rubiciindula  and  ticina  ;  Celi- 
IfttBtit  tlita ;  LibtUula  palcAtlla.  quadrupla  and  f-euila ;  Plathemit 
trimarulata.  I  will  begin  by  a  full  dcHTlplion  of  Diplax  rubieiindula, 
and  then  follow  this  by  a  brief  statement  of  the  more  important  respects 
in  which  the  other  spectes  studied  differ  from  tbls  one. 

The  second  abdominal  segment,  like  most  of  the  others,  consists  of  a 
narrow  ventral  piece,  and  a  brond  dorsal  piece  covering  both  back  and 
•ides  of  abdomen.  The  flrst  is  the  sternum ;  the  second,  the  tergum. 
The  tergum  (Fig.  1)  is  made  up  of  three  scleriies  which  form  a  lougi- 
tndinal  series.  The  suture  between  the  first  and  Ihe  second  Is  present 
only  on  the  dorsal  half  of  the  segment,  becoming  obsolete  as  it  ap- 
proaches the  sides  ;  that  belwcon  the  second  and  third  is  distinct  for  lis 
entire  extent.  Each  side  of  the  second  scleriie  is  produced  eaudo- 
Uterslly  into  a  rounded  process  tilled  the  genital  lobe  (.a).  The  third 
Bclorile  is  shorter  than  either  of  the  others  ;  it  ends  abruptly  at  the  base 
of  genital  lobe.  The  sternum  (e.  Pig,  S)  consists  of  but  one  scleriie. 
This  is  nearly  as  long  as  the  flrst  tergal  one  and  lies  ventrad  of  it,  the 
cepha]ie  edge  a  little  caudad  of  the  cephalic  edge  of  Ihe  tergum.  The 
c«p halo. lateral  angles  are  produced  Into  wing-like  processes  (/)  which 
underlie  the  tergum  and  serve  fur  the  sttachment  of  muscles.  Caudnd 
of  the  sternum  is  a  long  extent  nf  membrane  which  lies  ventrad  of  the 
caudal  part  of  the  tergum,  and  where  it  meets  the  sternum  la  bo  infolded 
as  to  make  a  recess  over  which  Ihe  latter  projects  like  a  pent-house  roof. 
Indeed,  except  at  its  very  cephalic  edge,  the  whole  sternum  bulges  out 
lo  s  grMiter  or  less  degree  from  the  rest  of  the  segment. 

On  the  membranous  Rurfaco  directly  caudad  of  the  sternum  lie  a  pair 
of  stout  appendages  (.g)  called  hamules,  readily  to  be  seen  wiUi  the 
naked  eyes.  Each  Is  a  thick,  laterally  compressed  and  somewhat 
clongnteil  organ  which  is  cleft  dlstally  into  two  divisions  :  a  short,  strong 
spur  ending  in  an  incurved,  strongly  chitinized  lip  {h),  and  a  truncate 
,  jdiorter  portion  (t)  having  the  face  turned  towards  the  spur  concave. 
^^k|ABinnle  projecls  ventrad  and  Ihe  lobes  lie  cepbalad  and  rnudad  ;  Ihe 
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truncate  lobe  is  the  more  caudal.  The  divisions  vary  greatly  m  length 
and  shape  in  different  species,  though  they  generally  form,  as  in  DipUix 
rubicundula,  about  one-third  of  the  length  of  the  entire  appendage. 
From  the  point  of  bifurcation,  a  ridge  extends  for  a  considerable  distance 
towards  the  base  of  the  hamule.  The  mesal  face  of  the  organ  is  largely 
membranous,  especially  at  the  base,  so  that  the  hamule  can  be  flexed 
freely  towards  its  fellow  of  the  opposite  side. 

The  hamules  are  borne  by  a  chitinous  framework  (k),  in  shape 
roughly  resembling  a  U,  and  attached  by  its  tips  to  the  inner  face  of  the 
ventral  sclerite.  It  seems  to  arise  as  a  local  chitinization  of  the  mem- 
brane which  lies  caudad  of  this  sclerite.  Projecting  from  either  side  of 
the  framework  just  caudad  of  the  sclerite  is  a  short  rod  (m)  to  which  is 
attached  one  of  the  hamules.  On  the  median  part  of  the  framework  is 
borne  a  triangle  (Fig.  3,  n).  Its  ape.x  points  cephalad  ;  its  cephalo- 
lateral  sides  are  chitinized,  though  elsewhere  it  is  membranous  ;  and  its 
base  projects  more  or  less  caudad  of  the  frramework.  The  basal  angle  of 
either  side  forms  a  second,  posterior  point  of  attachment  for  the  hamule 
of  that  side. 

Another  conspicuous  structure  is  attached  just  caudad  of  the  frame- 
work on  the  median  line  (Fig.  2).  When  extended  as  in  the  diagram, 
its  tip  points  cephalad,  but  the  distal  end  is  ordinarily  flexed  upon  the 
proximal  part.  The  organ  consists  of  an  enlarged  basal  portion,  the 
genital  bladder,  and  of  a  slender,  rodlike  distal  part,  the  penis.  The 
genital  bladder  is  a  somewhat  heiuisphcrical  body.  The  caudal  half  of 
its  dorsal  surface  is  attiichcMl  for  ncarlv  its  entire  width  to  the  undor- 
lying  part  of  the  abdomen  and  the  rest  of  the  dorsnl  face  is  chitinized. 
The  ventral  face  is  imperfectly  chitinizcd.  the  chitin  being  deposited  in 
three  triangles  ;  a  median  caudal  one  (tr)  and  two  cephalo-lateral  ones 
(o  and  r),  all  separated  from  one  another  by  band-like  membranous  in- 
terspaces, which,  evidently,  atVord  opportunity  for  variations  in  the  si/.t* 
of  the  bladder.  This  mode  of  attachment  of  the  bladder  causes  the 
structure  of  which  it  constitutes  the  base  to  ai)pear  as  an  appendage  of 
the  second  segment  ;  it  does  really,  however,  beloni^  to  the  third,  as  is 
clearly  seen  in  Gdithiniis  tUxii. 

The  penis  consists  of  three  seirnients  ;  the  first  two  are  very  sihiple. 
but  the  third  is  extremely  eonii)liealed.  The  tirst  is  eliitinized  continu- 
ouslv  on  its  dorsal  surtaee.  but  the  second,  thonirh  in  the  main  chitinous 
on  this  as])eet,  is  membranous  on  the  dorso-mesal  line.  Both  are  mem- 
branous ventrallv  and  this  condition  is  evidentlv  correlated  with  the 
fact  that  in  the  position  of  rest  this  |)ortion  is  covered  by  the  reflexed 
tip  of  the  penis.  What  we  have  called  the  third  se«;ment  consists  of 
two  entirely  distinct  scleriles  and  of  a  cluster  of  ap|)en<laires,  some  mem- 
branous andsomi;  chitinou>.  borne  at  the  extreme  tip  of  the  organ.  The 
larger  and  more  proximal  sclerite  (I)  constitute>  the  dors-.il  as])ect  of  the 
segment.  It  is  somewhat  shield-shaped,  but  the  distal  angles  are  pro- 
longed and  curved  around  to   the  ventral  side  where  they  almost  meet. 
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For  convenience  we  shall  term  it  the  shield.  When  the  penis  is  flexed, 
the  distal  part  is  protected  by  the  overlying  hamules  so  that  this  sclerite 
is  the  only  portion  exposed.  The  point  of  flexion  is  just  proximad  of  it, 
which  accounts  for  its  very  limited  extent  on  the  ventral  aspect.  The 
second  sclerite  (2)  is  narrower  than  the  first,  is  irregularly  ring-shaped 
and  lies  just  distad  of  the  shield.  We  shall  call  this  the  ring.  As  will 
be  seen  later,  it  encircles  most  but  not  all  the  divisions  of  the  penis-tip. 
Distad  of  the  ring  on  the  dorso-mesal  line  is  a  chitinized  body  (5),  which 
divides  into  slender,  tapering  horns ;  it  is  recognizable  by  its  honey- 
yellow  color  and  we  shall  call  it  the  fork.  Arising  from  nearly  the 
same  place  are  two  membranous  lobes  (4),  with  transverse  rows  of 
closely  set  chitinous  hairs.  These  may  be  contracted  into  roundish 
masses  which,  because  of  the  brown  hair,  seem  on  first  appearance  to  be 
chitinized.  When  extended,  as  in  the  plate,  they  appear  bannerlike, 
and  we  shall  term  them  the  banners.  Near  the  base  of  each  is  a  small 
cluster  of  long,  stout  bristles.  Laterad  of  the  banners  are  two  blunt 
lobes  (6),  somewhat  membranous  proximally  but  strongly  chitinized 
toward  their  distal  end.  As  these  are  in  many  species  somewhat  twisted^ 
we  have  termed  them  the  twists.  Pressure  on  the  genital  bladder  causes 
them  to  rotate  laterad  and  ventrad  ;  they  may  possibly  serve,  therefore, 
to  retain  the  hold  of  the  penis-tip  within  the  vulva.  Ventrad  of  all  the 
others  lies  a  large,  membranous  lobe  which  somewhat  resembles  the 
shape  of  a  monk's  hood  and  which  we  have  called  the  hood  (3).  With 
a  view  to  possible  homologies  it  is  well  to  note  the  relative  position  of 
these  structures.  The  penis  viewed  from  the  tip  presents  a  depression 
or  pit  guarded  above  by  the  fork,  below  by  the  hood,  laterad  by  the 
banners  and  these  again  are  guarded  laterad  by  the  twists.  The  ring 
lies  entirely  dorsad  of  the  hood  and  does  not  encircle  it.  According  to 
Rathke,  there  is  in  L,  anea  a  minute  opening  at  the  penis -tip. 

In  Diplax  vicina,  the  ventral  sclerite  is  deeply  emarginate,  and  its 
cando-lateral  angles  are  strongly  chitinized.  The  hamules  are  small  and 
inconspicuous  (Fig.  5,  g).  The  basal  portion  is  short  and  the  two  lobes 
are  of  about  equal  length.  The  tip  of  the  anterior  lobe  is  strongly 
chitinized  and  very  markedly  incurved. 

The  last  division  of  the  penis  consists  of  but  one  sclerite  in  addition 
to  the  cluster  of  Appendages  at  the  tip.  This  sclerite  is  long  on  the  dor- 
sal and  short  on  the  ventral  aspect,  where  its  edges  nearly  but  not  quite 
meet.  Its  general  shape  Would  seem  to  indicate  that  it  is  formed  by  the 
fusion  of  the  shield  and  ring  ;  moreover  it  bears  a  pair  of  short  trans- 
verse ridges  which  look  like  the  indications  of  such  fusion.  But  as  the 
sclerite  encloses  the  hood  as  well  as  the  other  part  of  the  penis-tip,  it 
seems  probable  that  no  part  of  it  corresponds  to  the  ring,  but  that  this 
sclerite  is  entirely  wanting  in  the  present  specimen.  The  penis-tip  is 
divided  into  a  dorsal  and  a  ventral  portion.  The  ventral  part  is  a 
rounded  lobe,  thickly  beset  with  hairs;  the  dorsal  part  forms  a  meui- 
branous  base  from  which  arise  three  pairs  of  appendages.     Beginning 


at  the  most  proximni,  Uieae  Appendages  are  a  pAir  of  horns,  twislnl  at 
the  base ;  a  psir  of  meniliraaiius  loboR,  thickly  beset  with  hairs  irrefti- 
liirly  arninged ;  and  Inttly  two  slender  horns  (Fig,  0). 

We  nppcnr  to  hnvii  in  Dipl'ix  ticirta  a  more  pritujlive  condilion  ihiin 
in  Diplax  rubieundula.  in  that  the  base  which  bears  tlte  appeniluj^i-H  u 
the  pcniB-tip  is  elongated  so  that  they  arise  in  succession  instimd  nf 
forming  a  clump.  The  Inner  horos  are  rery  probably  the  reaoli  of  ilie 
division  of  the  fork  of  D.  rubieundula,  and  the  other  ])arts  appear  to  be 
homologous  respectively  with  the  hood,  the  twiats  and  the  banners  of 
that  insect. 

In  Celithtmii  tlUa.  the  meeal  part  only  of  the  caudal  edge  of  the  ven- 
tral Bclerite  is  emarginate.  The  hamulcs  »ro  inconspicuous,  being  but 
little  larger  than  the  genital  Uibes ;  their  basal  part  U  membranous  or 
bnt  slightly  cliitinized  atid  the  lobes  are  long,  stout,  and  of  nearly  equal 
length.  The  framework  which  bears  the  liamalcs  is  strongly  chiliD- 
ized  :  its  lateral  projections  (Fig.  8,  nt)  .arc  long  and  stout  ;  the  part  of 
the  median  triangle  (u)  ccphalnd  of  the  framework  Is  short,  hut  the 
triangle  extends  cnudad  farther  than  in  other  rorm!>. 

In  the  genital  bladder  the  two  lalero- cephalic  triangles  of  the  ventral 
face  aro  replaced  by  a  single  sclerlte.  somewhat  cleft  mesally,  which 
apparently  corresponds  lo  the  two  united.  The  bladder  is  attached 
only  by  a  amall  proximal  neck  and  the  dorsal  aspect  bears  a  tapering 
triangular  sclerlte  (Fig.  9,  s),  each  basal  angle  of  which  is  attached  lo 
one  side  oflhesdcrilc  (ir). 

As  to  the  distal  segment  of  the  penis,  ihe  shield  is  a  broad  sclerite. 
bearing  lateral  hornlike  projections  which  point  ventrad.  The  ring  is 
of  smaller  diameter,  but  is  very  long,  and  has  in  general  much  the  shape 
of  a  boddice  ;  its  edges  meet  on  the  dorsal  line,  but.  so  far  as  I  can  make 
out,  do  not  nnite,  Tliese  edges  are  prolonged  distad  into  two  rodlike 
pieces  (8).  The  fork  is  represenled  by  a  thick  yellow  sclerite,  somewhat 
bifid,  which  lies  close  beneath  but  is  quite  free  from  Ibese  pieces  (5). 
Laterad  and  proxlmad  of  the  fork  are  a  pair  of  tiny  membranous  lobes 
apparently  corresponding  to  the  banners  (4).  The  hood  is  a  large  mem- 
branous lobe,  thickly  beset  with  hairs  (3). 

In  this  species,  the  twists  of  i).  rubieundvla  appear  lobe  entirely  want- 
ing. It  is  just  possible,  of  course,  that  they  may  have  moved  dorud 
and  fused  with  the  ring  forming  the  rodlike  projections  of  the  sclerite. 
I  have,  however,  no  evidence  tending  to  show  that  Ibis  has  taken  place, 
and  in  the  absence  of  such  evidence  it  cannot  be  assumed.  We  must 
suppose,  therefore,  that  Che  twists  are  absent  and  that  these  rodlike 
projections  are  new  developments.  The  advantage  of  having  the  gen- 
ital bladder  provided  with  three  sclerltes  eecnis  evident,  so  that  C.  elita 
is  probably  primitive,  since  retrogression  is  hardly  likely  to  be  accom- 
plished by  fusion.  There  seems  some  slight  reason  for  believing  also 
that  the  condition  of  Ihe  fork  found  in  ibia  species  is  the  original  one, 
and  that  the  two  horns  found  in  D.  vMna  have  arisen  by  the  division  of 
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what  was  originally  a  single  sclerite,  while  the  condition  in  D.  ruhicuu- 
dula  represents  an  intermediate  stage. 

The  relation  of  the  parts  in  ihese  three  species  are,  in  the  main,  toler- 
ably clear.  But  when  we  turn  to  Libellula  the  problem  is  much  more 
complicated.  Not  only  have  I  not  been  able  to  homologize  the  parts 
found  in  Diplax  and  those  of  this  genus,  but  I  have  also  found  it  impos- 
sible to  determine  the  relations  of  the  parts  found  in  different  species  of 
Libellula.     I  can  therefore  give  little  more  than  a  bare  description. 

We  may  begin  with  Libellula  exusta.  The  general  arrangement  is 
much  as  in  Diplax.  The  genital  lobes  are  short  and  stout.  The  ventral 
sclerite  is  wide,  short,  and  only  slightly  emarginate  caudally  (Fig.  11,  e). 
The  lateral  parts  of  the  free  edges  are  somewhat  undulate.  The  hamulos 
are  stout  and  are  membranous  proximally,  and  the  tip  of  the  spur  is  very 
strongly  incurved.  The  framework  is  wide  and  strong.  The  lateral 
rods  are  connected  for  their  entire  length  to  that  part  of  the  framework 
caudad  of  them  by  feebly  chitinized  triangles  (x).  The  triangle  (/<) 
borne  by  the  middle  part  of  the  framework  is  very  long  ;  its  apex  lies 
under  the  free  edge  of  the  ventral  sclerite. 

The  cephalic  part  of  the  bladder  is  chitinized  in  a  single  sclerite  with 
a  mesal  cleft.  The  last  segment  of  the  penis  is  made  up  mainly  of  a 
single  large  sclerite  (Fig.  12,  p^),  much  longer  on  the  dorsal  than  on 
the  ventral  surface.  Its  edges  approach  but  do  not  quite  meet  on 
the  ventrimeson.  There  is  a  curious  dorsal  hump  on  the  distal  part 
of  the  sclerite  and  the  distal  edge  bears  ventrally  a  pair  of  small, 
spine-like  projections.  If  this  sclerite  is  the  result  of  the  fusion  of  the 
shield  and  the  ring  there  is  no  indication  of  the  fact.  As  to  the  distal 
part  of  the  segment,  it  projects  only  slightly  beyond  this  sclerite ;  it 
consists  of  two  pairs  of  appendages  rising  from  a  full  membrancms  base. 
The  median  and  dorsal  pair  are  sigmoid  rods  curved  towards  the  dorsal 
surface  at  their  distal  ends  (u).  The  second  pair  are  membranous  at 
base  but  strongly  chitinized  distally  (r). 

I  would  suggest  the  following  as  the  possible  homologies  of  some  of 
these  parts:  the  large  sclerite  corresponds  to  the  shield  ;  the  ring  is 
wanting  ;  the  hood  is  represented  in  a  much  less  differentiated  state 
than  in  Diplax,  by  the  full  membranous  portion  of  the  penis-tip.  As 
to  the  homologies  of  the  other  parts  I  am  entirely  uncertain. 

In  Libellula  pulchella,  the  blunt  division  of  the  hamule  lies  almost 
laterad  instead  of  caudad  of  the  spur  ;  it  is  moreover  reduced  nearly  to 
a  knob.     The  spur  is  long  and  strong  and  its  point  turns  laterad. 

The  dorsal  aspect  of  the  genital  bladder,  though  normally  united  for  a 
considerable  portion  of  its  extent  with  the  abdomen,  sej>arates  readily 
therefrom  after  maceration  in  caustic  potash.  In  the  penis,  the  first  scjr- 
ment  is  extremely  long  and  bears  a  dorsal  terminal  tubercle  ;  tlio  second 
segment  is  very  small  and  triangular ;  the  third  bears  distally  a  laririr 
dorsal  upgrowth.  T^he  edges  of  this  sclerite  do  not  quite  meet  ventrally. 
and  between  the  angles  projects  a  small  membranous  lobe  which  per- 
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hnpa  correspondB  to  tho  ]ir>od  of  Diplax.  Attached  to  tbe  base  of  ihio 
«<riiciure  on  either  Hulc  is  a  tiny,  tncruliranous,  flngor-llkc  lobu,  Tlie 
tip  of  the  penia  is  forDK^il  hy  a  great  mass  of  raemhrane  wliicb  pn»jflri« 
frniD  tho  distal  end  of  the  tlilnl  BClurilr  di.'9(;rlbpd  iibrir«.  This  tnom- 
(iruue  ifi  cuvured  with  scslt.ered  cliilfoiKod  pnpillK  and  is  chitiiii^Kcd  ia 
tiitrli  A  way  as  to  form  ft  pair  of  irregularly  ehaptd  fiL'tcritcs,  somewhat 
liki-  a  moose's  antlers,  narrow  at  the  base,  broad^^io);  distally  and 
uniting  doraslly  and  venlrolly  «o  as  lo  form  a  ring  which  divides  Uif 
nHTiabranc  inio  a  proximal  and  a  dlslal  division.  This  amDgemenl 
vill  be  made  clear  by  a  glance  at  the  diagram  (Fig,  14).  At  the  btt,c  at 
tlirsn  scleritea  on  either  side  is  a  smalt  piece  visible  after  th?  rcmoral  of 
the  Bhicid  ;  these  pieces  appear  lo  be  rudiments  of  Htructure^  mncb 
more  developed  in  L.  quadruplit. 

In  L.  quaiTupla,  Ihn  general  appearance  is  much  the  same  as  in  the 
spudes  last  described  ;  there  arc.  however,  oue  or  two  interesting  diff^- 
i^ners  in  the  penis-lip.  The  hood  is  bl-lobed  and  so  far  aa  I  conld  ^s- 
n)\t'r,  there  are  no  sueli  lobeslaleradof  it  as  in  L.  ptitehtUa.  The  mem- 
lininoMs  tip  of  the  penis  is  not  chiliniKed  in  any  part,  but  tbe  cbitinon* 
1  ,'llhi'  » ii]i  which  it  is  beset  are  much  more  closely  placed  In  a  region 
u  hich  correspunde  with  that  part  which  in  L.  pulehellais  cldtinized.  It 
.i(!t-nis  possible  that  tliis  massing  of  papiltm  ia,  so  to  spesk,  an  attempted 
adaptation  to  certain  onliown  conditions  and  that  the  chilinization  is  a 
mure  satisfbctory  adaptation  to  the  same  conditions.  The  dorei-meMil 
jii^iliiiii  of  llie  iiiemlirnni'  is  lirgilv  frcf  friiiii  jiajiillH?  nnd  is  fMcniloiI 
into  a  long,  flnger-Iike,  memliranous  tip. 

Plnthemit  Irimaculala  is  in  several  respects  a  niosl  interesting  species. 
The  first  abdominal  segment  bears  on  its  venlral  aspect  a  pair  of  chitin- 
oils  lolies :  these  structures  have  a  position  on  tbe  lirst  segment  exactly 
corresponding  to  that  which  llie  baniutes  occupy  on  tbe  second,  and 
tlieir  form  is  not  unlike  that  of  the  undivided  hamules  found  in  many 
kinds  of  Libellidioie.  They  arc,  however,  continuous  with  the  abdomi- 
nal wall  instead  of  being  jointed  to  it  as  arc  llie  hamules. 

In  tbe  second  segment,  the  sternum  is  short ;  it  bears  on  ilsfree  edges 
small  median  lobe  which  is  indented  on  the  mesal  line  so  as  to  form  two 
scallops  (Fig.  10).  The  liamules  show  only  very  slight  tUflerentialion  into 
lobes.  The  cephalic  lobe,  which  corresponds  to  the  spur  of  the  ordi- 
nary iiuniulc,  is  shaped  somewhat  like  a  man's  boot,  llie  toe  of  the  boot 
lieing  turned  towards  Ihe  caudal  lobe.  The  toe  alone  is  free,  but  from 
the  point  of  division  between  tbe  two  lobes  a  membranous  band  ex- 
tends towards  the  base  of  the  hamule ;  if  this  membrane  were  unfolded 
tbe  condition  found  in  the  other  Libellulinte  would  be  produced.  The 
caudal  lobe  is  deeply- grooved  at  its  tip  so  that  it  appears  almost  bi- 
Iribcd.     I  am  unable  to  describe  the  penis. 

This  species  seems  to  me  to  give  us  some  reason  to  believe  that  tbe 
liamules  are  the  survivors  of  the  series  of  abdominal  appendages  present 
in  the  ancestor  of  the  insects.    And  In  this  connection,  I  would  suggest 
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the  possibility  that  the  penis  is  to  be  regarded  as  the  (Vised  and  greatly 
modified  abdominal  appendages  of  the  third  abdominal  segment.  The 
hamules  of  Plathemis  also  afi'ord  us  a  suggestion  of  the  way  in  which 
the  branched  may  have  arisen  from  the  simple  condition. 

Conclusion  :  While  my  work  has  been  mainly  description,  there  are  a 
few  general  suggestions  which  may  be  thrown  together  here.  1.  There 
seems  some  reason  for  believing  that  the  hamules  are  homologues  of 
abdominal  appendages.  2.  Various  stages  are  observed  between  the 
ordinary  bifid  condition  of  the  hamules  and  the  uniramous  condition  of 
other  subfamilies.  As  we  have  no  reason  to  believe  that  the  abdominal 
appendages  were  originally  biramous,  we  must  suppose  the  condition  in 
Libellulinae  a  secondary  one.  8.  It  has  been  impossible  to  homologize 
the  appendages  of  the  penis- tip,  though  there  seems  some  reason  to 
think  that  wider  study  might  enable  one  to  do  it.  4.  The  resemblance 
between  these  appendages  in  Diplax  vicina  and  rubicundula  is  very 
close  ;  CelithemU  elisa  is  quite  different  in  some  respects.  This  species 
was  formerly  placed  in  the  genus  Diplax  ;  the  marked  difference  and 
the  general  similarity  of  the  penis-tip  is  what  we  should  expect  in  two 
genera  so  closely  related  as  to  have  been  formerly  classed  as  one  and 
leads  us  to  believe  that  the  study  of  this  organ  may  prove  to  be  of  sys- 
tematic importance.  In  conclusion,  I  wish  to  acknowledge  the  valuable 
aid  given  me  by  Prof.  M.  A.  Willcox  in  the  preparation  of  this  paper, 
both  in  general  suggestion  and  revision.  I  have  found  no  literature 
which  was  of  value  save  Rathke's  paper,  **De  Libellarum  Partibus 
Genitalibus.'' 

Desckiption  op  Diagrams,  Plates  XIV  and  XV.* 

Diplax  rubicundula. 

Fig.    1.  One-half  of  tergum. 

Fig.    2.  Second  segment — ventral  view. 

Fig.    3.  Framework,  triangle,  and  hamules. 

Diplax  vicina. 

Fig.    4  Second  segment — ventral  view. 

Fig.    5.  Framework,  triangle,  hamules,  and  sternum. 

Fig.    6.  Genital  bladder  and  side-view  of  penis. 

Celithemis  elisa. 

Fig.    7.  Second  segment — ventral  view. 

Fig.    8.  Framework,  triangle,  hamules,  and  sternum. 

Fig     9.  Genital  bladder  and  penis — dorsal  view, 

Libellula  exusta. 

Fig.  10.  Second  segment — ventral  view. 

Fig.  11.  Framework,  triangle,  hamules,  and  sternum. 

Fig.  12.  Genital  bladder  and  side-view  of  i)enis. 

*The  scale  by  wHich  drawhigs  were  made  differs,  but  as  size  iu  mm.  is  given,  there 
need  be  no  misondentanding. 
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LihcUula  pulchella. 

Fig.  13.  Framework,  triangle,  hamules,  and  siernuoi. 
Fig.  14.  Genital  bladder  and  side  view  of  penis. 

Lihelluht  quadrupla. 

Fig.  15.  Genital  bladder  and  penis — side  view. 

Phtthemis  trimaculata. 

Fig.  16.  Framework,  triangle,  hamules,  and  sternum 
Fig.  17.  Genital  bladder  and  penis — ventral  view 
Fig.  18.  Penis — dorsal  view. 

In  the  above  diagrams,  the  letters  stand  for  organs  as  follows  : 

a.  Genital  lobe.  h.  First  segment  of  tergum.  c.  Second  segment  < 
tergum.  d.  Third  segment  of  tergum.  e.  Sternum.  /.  Triangul 
appendage  of  sternum,  g.  Hamule.  h.  Spur  of  hamulc.  ».  Tninci*^  ^-^ 
lobe  of  hamulc.  k.  Framework,  m.  Lateral  rod  of  framework,  n.  Vf^^ 
angle,  o.  Left  cephalic  triangle  of  genital  bladder.  Pi,  p,;  p,.  Se^  ^ 
ments  of  penis,  r.  Right  cephalic  triangle  of  genital  bladder,  s.  Dor&i*- * 
triangle  in  genital  bladder  of  CeUtJiemu  elisa.  t  and  y.  appendages  o» 
penis  o^ Platliemis  trimaculata.  u  and  v.  Appendages  of  pe^is  ofLih^-^ 
lula  exusta,  w.  Caudal  triangle  of  genital  bladder,  x,  Membranoti^ 
appendage  of  framework  in  Lihellvla  exnsta.  1.  Shield  of  third  se^  ^ 
nicnl  of  penis.     2.  Ring.     ^J.  Hood.     4.  Banner.     5.  Fork.     6.  Twist- 
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Tlio  Coiil  Menaures  coTcr  an  area  of  H.TM  square  miles  in  the  St»lc 
of  Arkansas.  TUe  gronter  part  of  this  area  lies  in  the  geofiynclibp  of 
the  Arkansas  Valley.  The  totitl  tbickoe^  of  ttie  Bodimeats  in  Ihi* 
geoaynclinc  is  euormous— 34,000  feol.  Thesa  conditions,  taken  in  coo- 
nectinn  with  the  occuirence  in  these  sediments  of  butb  Iitnil  pliuil* 
(coni  beds)  and  of  marine  foBBtlfi  seem  to  ahow  that  thn  beds  \tctc  de- 
posited upon  a  eubeiding  (fbr  the  most  part)  door,  and  Ibal  the  laud 
stood  near  the  sea  level,  below  which  it  occnsionally  aank. 

Thu  marine  fossila  from  the  Coal  Measures  area,  so  far  an  thoy  wora 
collected  by  the  Geological  Survey  of  Arkansas,  are  listed  lUid  d(!scrib<»I 
in  Ibc  following  paper  kindly  prepared  at  my  request  by  Dr.  J.  P. 
Smith,  of  Stanford  University.  It  is  vohintoer  work  done  origin' 
ally  for  the  State  Survey,  and  waa  to  have  been  pnbljsbed  in  a  volume 
npon  the  paleontology  of  Arkansas,  Upon  the  abolition  of  the  Sarv^ 
by  the  Legislature  in  1903  several  voUimos  of  reports  were  left  uupnb- 
liabud,  and  among  them  one  on  the  paleontology  of  the  Btate. 

.lOHN  0.  Bn&KKKIL, 
Late  fitaU  Gt-ologitt  of  A 
Btanford  Uiihcnitg.  California.  Jaly  10.  JS9G. 

I-iTllOtirCTlDN. 

Marine  fossils  oRbrd  the  best  means  of  correlating  strata  of  dltFerent 
regions,  but  in  the  Coal  Measnres  they  are  usually  rare,  and  therefore  of 
especial  interest  and  value  when  found. 

Of  all  (be  Paleozoic  systems  the  Carbonlfcmiis  is  most  subject  to 
facies  variations,  which  make  it  (Hfflcult  and  often  impossible  to  recog- 
nize with  certainty  the  minor  subdivisions  at  any  great  distance  from 
the  place  where  Ihey  were  first  established.  This  is  true  even  of  the 
Mississippian  formation,  whose  limestones  were  deposited  under  com- 
paralively  uniform  conditions,  so  that  one  would  expect  the  founal  rela- 
tions to  be  the  same  over  the  whole  area  wliere  Ihe  Mississippiau  &ciea 
prevails.  Bnc  the  American  Coal  Measures  were  formed  under  condi- 
tions not  favorable  to  uniformity  either  of  rock  character  or  of  life. 
hcuce  the  correlation  of  these  strata  bceomes  more  difficult.  And  ia 
these  geologists  have  been  more  prone  to  rely  on  lithologic  charac- 
ters and  unaided  stratigraphy.  Such  correlations  have  only  a  local 
value,  and  cannot  be  extended  over  any  wide  scope  of  territory.  For 
this  reason  no  divisions  of  the  Coal  Measures  into  zones  has  every  been 
carried  out,  nor  can  it  be  done,  in  the  present  state  of  our  knowledge. 

Previous  to  the  collections  made  by  the  Geological  Survey  of  Arkan- 
sas, marine  fossils  were  known  from  but  a  single  locality  in  the  Coal 
Measures  of  Arkansas.  Dr.  David  Dale  Owen,  in  his  Otologiedt 
Seeonnoittanee  of  Arkaneat,  Voh  i,  p.  (>8,  says;     "  Three  miles  north- 


re  left  uupnb- 

tate.  ^M 
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west  of  Searcy,  at  a  'bald  point/  in  the  vicinity  of  the  widow  Gilbert's 
farm,  sixty  feet  of  ehaly  strata  are  exposed,  dark  or  nearly  black,  in  its 
lower  part,  and  reddish  yellow  and  ferruginous  towards  the  top.  The 
shale  includes  numerous  segregations  of  carbonate  of  iron  and  carbon- 
ate of  lime  ;  the  latter  containing  several  fossil  marine  shells,  amongst 
which  the  Nautilus  ferratus  was  discovered,  a  species  which  occurs  in 
the  ferruginous  shales  of  Xolin,  in  Edmonson  county,  Ky."  The  local- 
ity mentioned  is  now  known  to  be  in  the  Lower  Coal  Measures,  and  is 
situated  not  three  but  thirteen  miles  northwest  of  Searcy. 

F.  B.  Meek,  in  the  Final  Report  of  the  U.  S.  Geological  Survey  of 
Jfehraska,* mentions  ITydreinoerinus  (Zearrinus)  mucrospinos^us  McChes- 
iiey,  from  the  Coal  Measures  of  Arkansas,  but  he  does  not  cite  any 
authority  for  the  statement,  nor  does  he  say  he  has  seen  this  fossil  from 
Arkansas,  or  give  any  locality.  In  all  the  other  literature  where  this 
species  is  mentioned,  nothing  is  said  about  Arkansas.  It  is,  therefore, 
concluded  that  this  species  was  never  found  in  the  State.  It  was,  how- 
ever, found  by  the  Geological  Survey,  in  strata  of  the  Upper  Coal  Meas- 
ures, on  Poteau  mountain,  Indian  Territory,  two  miles  west  of  the  line 
of  Scott  county,  Arkansas. 

Featherstonhaughf  mentioned  a  "new  species  of  pentremite  in  the 
old  red  sandstone  of  Maumelle."  The  strata  of  Maumelle  mountain, 
Pulaski  county,  are  of  Lower  Coal  Measure  age,  and  it  is  not  likely 
that  a  pentremite  was  ever  found  there,  since  the  systematic  searches  of 
the  Survey  failed  to  find  any  fossils  in  this  region. 

Localities  Discovered  by  the  Survey. 

Marine  Coal  Measure  fossils  were  found  by  the  Survey  at  twenty -one 
different  places,  besides  that  mentioned  by  Owen.  These  extend  fnmi 
Independence  county  westward  to  Indian  Territory,  giving  a  total  of 
forty-eight  genera  and  ninety  species,  forty-eight  in  the  Lower  Coal 
Measures,  and  fifty-two  in  the  Upper,  with  ten  species  common  to  both. 
It  is  not  thought  that  this  small  number  of  species  represents  the  entire 
fauna,  or  that  only  ten  species  are  common  to  the  two  divisions,  for  the 
collections  were  much  too  scattered  and  meagre  to  exhaust  the  possi- 
bilities. But  the  fauna  is  a* poor  one,  such  as  one  would  expect  to  wan- 
der in  from  deeper  waters  whenever  a  slight  subsidence  made  the  shal- 
low waters-  a  little  more  habitable.  The  faunas  could  not  become  well 
established,  because  the  conditions  soon  reverted  to  their  old  state,  and 
the  inhabitants  of  the  seas  were  forced  to  migrate  or  be  exterminated. 

There  is,  therefore,  in  thisregion  no  gradual  transition  from  the  fauna 
of  the  Lower  Carboniferous  limestone,  and  the  fossils  of  the  Lower 
Coal  Measures  are  just  as  different  from  those  of  the  Lower  Ciirboniter- 
oua  as  are  those  of  the  Upper  Coal  Measures. 

It  is  not  attempted  to  carry  the  division  further  than  into  Upper  and 

•  Op.  cit.,  p.  149. 

iOeolog.  Rep.  EUvoUd  Country  bdween  the  Miswuri  and  Red  Rivers,  p.  61. 
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LowPr  Coal  Menaurcs,  and  even  Ihis  dirit^ion  Is  oflen  uncert«io,  fnr  in 
must  cases  the  relmions  itf  1  he  fusailiferoiw  beiU  to  each  other  could  not 
lie  detefmined  with  any  degree  of  eertaiuly.  Also  in  moai  of  this  rrgion 
the  Btratigraphy  Is  difficult :  tlie  rocks  vary  bo  little,  nail  are  io  fuldod 
UEid  fiiulted  that  by  atratjgraptiy  alone  It  was  otten  ImpoBsiblc  to  lui»te 
B  liwl  within  Berenil  hundred  feet. 

In  additiuu  lo  tlds,  the  ntiinlier  of  ttie  Bpcc-jRs  U  uBuallj'  too  snial), 
and  their  character  too  indecislFO  to  enable  one  lo  gay  Willi  pcrlainty  Iti 
which  divlBlon  the  BtrnW  belonged.  Therefore,  in  utmmerallnp  the  Io- 
ealiiiea  there  are  given  only  the  character  of  the  roclts,  the  fiissils  fouud 
in  Iticm,  and  the  plncL'  in  the  eeotion  whcrt-  these  strata  arc  Ihougbl  to 
beliiiL^. 

Loiter  Colli  Ut,i»ara. 

Of  these  localities  there  were  seventeen  dlacOTorcd,  and  they  will  lie 
given  in.  order  from  east  to  west. 

No.  1.  Independence  county.  11  N.,  5  W.,  section  0,  centre  of  the 
eccliun.  Soft  brownish  sandstone  with  tlaomfihaliu  (Slraparvlbu)  sp.-. 
near  Ilia  middle  of  the  Lower  Conl  Mensurcs.    Cdleelor.  J.  C.  Bmu- 

So.  3.  While  TOunty.  8  N..  7  W..  section  86.  Bee  Itock  on  Litllc  Rod 
river.     Uaasive  yellowiAh  tandatoDo.  over  one  huitdrod  fcvt  ospoatd,  .■ 
nearly  horiitonul  1  at  the  top  with  tnarine  foasils,  at  the  bottou  wllkl<  | 

plants.  Nesr  tin-  Imse  of  the  Lower  Coal  Measures.  Collector.  J.  P. 
Smilh. 

Crinoid  steinB. 

ProduHiit  teiiUrclieiiJatu*  Martin. 

Spiri/er  Toi-kytnoiitaiins  Marcou, 

AticalopeeUii  ciirboniferus  Stevens. 

Btllerophon  sp. 

Plant  remains,  undciermined. 


No.  3.  While  county,  «  X.,  7  W.,  section  33,  east  half  of  aoalheasl 
<inartor,  sonlh  of  Norton's  ticld.  on  the  road  from  Searcy  to  Griffin 
Springs.  Hard  yelluwisli  and  in  places  ferrnginous  sandstone,  with  a 
di]>of  about  ^lO' south.  Tlori/.on  same  as  the  lust  locality.  Collector, 
J.  P.  Smith. 

Feiitntelln  sp. 

OrtAitcimf.  Ti-Ki'pii'OiileH  Cox. 

Prod>i(tu>  eeiiiirelkoMut  Martin, 

Rliyii(kourUii  sp. 

^irifer  rocisiaontaiius  ilarcoii. 

Schitodiit  conf.  ainplm  Meek  and  Worlhen. 

BtlUrophon  sp. 

No.  4.  White  county,  0  X.,  4  W.,  seetion  0.  Soft  pinkish  sandstone. 
Near  middle  of  Lower  Coal  Measure.     Colleclor,  J.  C.  BroDner. 
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PhilUpiia  (Griffithides)  scitula  Meek  and  Worthen. 
Euomphalus  (Straparollus)  subquadratus  Meek  and  Worthen. 
Athyris  subtilita  Hall. 
Presttciehia  sp.  or  a  new  genus  closely  allied  to  PrestwicJiia. 

No.  5.  White  county,  9  N.,  5  W.,  section  1.  Soft  reddish  sandstone, 
similar  to  that  of  locality  No.  4,  containing  also  PJuUipsia  (Griffithides) 
^citula  Meek  and  Worthen.     Collector,  J.  C.  Branner. 

No.  6.  Lonoke  county,  4  N.,  10  W.,  section  12,  southeast  quarter  of 
northwest  quarter.  Gray  quartzite  conglomerate  seen  in  a  well  by  the 
roadside  to  dip  45^  south.  Towards  base  of  Lower  Coal  Measure.  Col- 
lector, J.  P.  Smith. 

Crinoid  stems,  undetermined. 

No.  7.  Conway  county,  6  X.,  16  W.,  section  29.  southwest  quarter  of 
southwest  quarter,  on  east  bank  of  Arkansas  river,  about  one  mile  below 
the  Old  Lewisburg  ferry.     A  brown   ferruginous  shale  near  the  top  of 
the  Lower  Coal  Measures  and  probably  a  few  hundred  feet  above  the 
shales  of  Ipcality  No.  8.     Collector,  J.  F.  Newsom. 

Productus  punctatus  Martin. 

Derby ia  crassa  Meek  and  Haydcn. 

Orthis  pecosii  Marcou. 

Spirifer  cameratus  Morton. 

Spirifcrina  cristata  Schlotheim. 

Athyris  subtilita  Hall. 

Terebratula  hastata  Sowerby. 

Aciculopecten  occidentalis  Shumard. 

No.  8.  Conway  county.  5  N.,  16  W.,  section  17,  two  hundred  yards 
west  of  the  centre  of  northwest  quarter,  west  of  the  Arkansas  river, 
and  four  miles  south  of  Morrillton.  The  liorizon  is  near  the  top  of  the 
Lower  Coal  Measures.  Reddish  ferruginous  shale.  Collector,  J.  F. 
Newsom. 

Phillipsia  {Griffithides)  ornota.  Vogdes. 

Zaphrentis  sp. 

Nucula  parr  a  McChesney. 

^ucula  rentricosa  Hall. 

Macrodon  carbonarius  Cox. 

Conoeardium  aliforme  Sowerby. 

Aciculopecten  occidentalis  Shumard. 

Aticulopecten  carboniferus  Stevens. 

Pleurophorus  oblong  us  Cox. 

BelUrophon  carbonarius  Cox. 

BelleropJwn  crassus  Meek  and  Wortlien. 

Pleurotomaria  sp. 

Macrocheilus  (Soleniscus)  conf.  primifjtuiuH  Conrad. 

Macrocluilas  conX.  fusiformiH  Hall. 

OoniaiUes  (Paralegoeeras)  ioicensis  Meek  and  Worthen. 
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,_ 

,  near  Old  LewUburg,  and  is  probiibly  ilie  wme  as  thai 

'  ™:n 

10,  Cook's  quarry,  near  HaltievillD.     Collector,  J.  i'.    , 

fowflo^.. 

^m 

Z<iphrenfU  (.').                                                                                                    ^H 

-     Orinoitt  stcuia.                                                                                                     ^^B 

SpiH/fr  ep. 

Shiotnphalii*  sp. 

No  10.  Conway  county.  8  S..  17  W.       I'lioii  33,  LiorH!fa?t  qiiaricr  uF 

nnheast   quarter.    Cook's   quitrry,   i          Hnlliinillv.     Hnnl  yctlnwln.h 

.<l3[0De,    Upper  pun  of   Lower         .  Meanures.     CoUuctor.  J.   k'. 

WSdlU. 

;     Orthoewat  sp. 

Atlartella  wvberrai  Meek. 

AtieulapmUn  oeeUtntaUt  Staumaril. 

Eamoitdia  u7iioniformi»  PIilUipB. 

SchUodut  wheeler i  Swallow. 

SchUodut  cunealus  Meek. 

Btllerophon  earbonariui  CoK. 

Heiiri'lomaria  hnriiS.  A.  M[llcr. 

PUurittomarin  Bp. 

Euoinphalui  sp. 

Orthoecra*  sp. 

Or  this  retupinoidet  Cox. 

Or(Ai»  Bp. 

Terehralula  hnttata  Sowerby. 

No.  11.  Pope  county,  10  N.,  30  W.,  b 
norlUwpsl  quarter.  Ferrtigiiious  shale  \. 
lector,  H.  K.  AVillUma. 

Crinoid  sii'mw. 

PUuTotomaria  Bp. 

Ooaiatilei  {Gastrioecrat')  excehus  Meek. 

No.  13,  Johnson  countj-.  11  N.,  34  W,,  seel 
of  soulliwest  quarter.  Broivuish  ferruginoi 
A.  G.  Taff. 

PliiUiptin  sp. 

No,  13.  Franklin  county.  11  N..  27  W.,  seel 


1  4,  Eoulbeast  quarter  of 
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northeast  qaarter.    Weathered  ferruginous  sandstone.     Collector,  A.  G. 
Taff. 

Crinoid  stems. 

BpiriftT  sp. 

No.  14.  Franklin  county,  10  N.,  26  W.,  section  2,  southeast  quarter  of 
southeast  quarter.     Ferruginous  sandstone      Collector,  A.  G.  Taff. 
Bellerophon  carbonarius  Cox. 

No.  15.  Franklin  county,  11  N.,  28  W.,  section  27,  northeast  quarter 
of  southeast  quarter     Ferruginous  sandstone.     Collector,  A.  G.  Taff. 
Pleurotomaria  sp. 

No.  16.  Crawford  county,  12  N.,  30  W.,  section  17,  northeast  quarter 
"  of  southeast  quarter.     Brownish  sandstone,  very  like  that  of  Bee  Rock, 
White  county.     Collector,  E.  C.  Buchanan. 
Spirifer  roekymontanus  Marcou. 

No.  17.  Carroll  county,  17  N.,  19  W.,  northeast  corner  of  section  18 ; 
Pilot  mountain,  three  and  a  half  miles  southwest  of  Valley  Springs. 
Millstone  grit,  about  sixty  feet  above  a  brownish  limestone  supposed  to 
represent  the  Chester  horizon.     Collector,  Stuart  Weller. 

Gastrioceras  branneri  n.  sp.  J.  P.  Smith. 

Pronorites  eyelolobu%  Phillips,  var.  arkanaiensia  nov.  var.  J.  P.  Smith. 

Upper  Coal  Measures. 

In  the  Upper  Coal  Measures,  three  localities  were  discovered  by  the 
Survey,  giving  fifty-two  species,  of  which  thirty-two  were  found  on 
Poteau  mountain,  Indian  Territory. 

No.  1.  Scott  county,  1  N.,  28  W.,  section  4,  southeast  quarter  of  south- 
east quarter.  Yellow  ferruginous  shale,  with  fossils  in  hard  nodules. 
This  horizon  is  probably  equivalent  to  the  Canyon  division  of  Texas, 
lower  part  of  Upper  Coal  Measures,  since  many  similar  fossils  were 
found  in  that  horizon  by  the  Geological  Survey  of  Texas.  Collector, 
C.  E.  Siebenthal. 

Cyathocrinus  (J). 

Conularia  conf.  crustula  White. 

Naticopsis  sp. 

Nuculana  aff.  bellistriata  Stevens. 

Pleurophorus  sp. 

Ooniatites  (Oastrioceras)  sp.  indet. 

Ooniatites  {Oastrioceras)  globulosus  Meek  and  Worthen. 

Ooniatites  (Oastrioceras)  marianus  Verneul. 

Ooniatites  (Pronorites)  sp. 

Orihoceras  conf.  rushense  McChesnev. 

While  the  stratigraphy  seems  to  place  these  beds,  in  the  Lower  Coal 
Measures,  the  fossils  are  decidedly  Upper  Coal  Measure  forms,  and  are 
characteristic  of  that  horizon  in  Texas,  Kansas,  etc. 
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No.  2,  Crawford  eounly.  10  N..  30  W„  R'ctiou  10,  eouthmiat  tiunnurol 

nnrlhwesl  qimrtcr,     Sofl  ferruginous  shale.     Colkclor.  0.  E.  Skb*>ntli«l. 

ZaphrtntU  sp, 

,^^ 

r                   Rhsnthomlla  «p. 

J 

Jlawoden  ap. 

■ 

J)tntalium  coat,  mifki'in-nn  Gdniiz. 

■ 

PolgphtmapMU  inornntat  Meek  ami  Worlh^n, 

V 

JHfurotomarin  modiata  Keyes. 

JVauf  jl««  sp. 

1 

No.  3.  Sebastwu  coimiy,  8  N,.  32  W..  seclio 

n  18.     Ferruginous  sUilB    ■ 

near  Mr.  Wilson's  houae,     Higti  up  ia  Cpper 

Ooni  Measures.     Collee- 

tor,  ArlhurWiiislow, 

CHnoii  Btems. 

FUtalipora  iioilulifera  Meek. 

^H 

AtkyrU  tiibtilila.  Hull. 

^^1 

i^0(lue(u«  fplrnrfr/i*  Norwood  nu<l  Pniltpn. 

^^1 

^H 

^H 

Spiriferina  fHfiata  Schlothclm. 

^H 

Maerodou  ehtoUtua  Ueek. 

^^^1 

'                  jr«euJ«|Hmi«  MnCJiMney. 

^^^^^^^^^^H 

L                 BeOergpKon  eatbonnriut  Cox. 

^^^^^^^^^^^^^1 

^^^^^^I^^^H 

}fatuop»U  nana  3Ieek  and  Wortlien. 

lleurolomaria  ap. 

No.  4.  Polenuniounlnin,  Tndian  Terriloiy,  two  miles  west  of  the  Scolt 
county,  Arkanaafi,  line,  on  the  east  fork  of  Sugar  creek.  150  feet  below 
the  southern  crest  of  the  mountain.  The  fossiliferous  bed  ia  a  soft  gray 
alialc  about  four  inches  thick.  About  1000  feel  of  inhales  lie  above  this, 
liut  no  fossils  were  fouijd  in  them.  The  fos^itiferous  bod  is  several  hun- 
dreil  feci  above  the  bighcsl  bed  of  coal  known  in  that  region. 

The  following  fossils  were  collected  here  by  C.  E.  Siebenthal ; 

L'lphophyUiim  proliftrum  McCbcsncy. 

ErUotrin-iit  {Cerioi-rinvi)  tiifitxut  Geinitz. 

UydTeiiiorriiiiii  muerotpinoius  McChesney. 

Bi/criofriHusC.'). 

Orthit  peco»ii  Miircoit. 

Derhgia  tmua  Meek  and  Ilayden. 

Produtliii  corn  d'Orbipny. 

P.  tphtidfitt  Norw<)od  and  Prnitcn 

Rhyiiehonellti  via  Mnrcou, 

Tertbralutii  Imttnl'i  Sowerby. 

ReUia  raditilit  Phillips. 

Athgri*  tnbtilita  Hall. 

fpirifrr  (iimerntiit  Morton, 
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Spiriferina  eristata  Schlolheim. 

FUtulipora  nodulifera  Meek. 

Rhombopora  lepidendroides  Meek. 

Septopora  biserialis  Swallow. 

Aticulopecten  eoxanus  Meek  and  Worthen. 

A.  germanus  Miller  and  Faber. 

Lima  retifera  Shumard. 

Jfa^rodon  carbonarius  Cox. 

J/,  tenuistriatus  Meek  and  Worthen. 

Jf.  obsoletua  Meek. 

Astartella  vera  Hall. 
A.  newberryi  Meek. 

Edmondia  nebrascensis  Geinitz. 

Pleurotomaria  tenuicincta  Meek  and  Worthen. 

P.  conf.  8pecio8a  Geinitz. 

Orthoceras  cribrosum  Geinitz. 

Phillipsia  cliftonensU  Shumard. 

Calamites  sp. 

A  fauna  of  probably  the  same  age  has  been  described  from  the  upper 
part  of  the  Wyoming  Valley  limestones  of  the  Upper  Productive  Coal 
Measures  of  Pennsylvania.* 

Fayettetille  Shale. 

In  Scott  county,  2  N.,  29  W.,  section  36,  near  the  centre,  C  E.  Sie- 
benthal  and  J.  F.  Newsom  discovered  a  bed  of  brown  tliinly  laminated 
shale,  with  some  sandy  layers,  containing  pyritiferous  nodules  in  whicli 
Goniatitea  (Glyphioceras)  conf.  sphcfricua  Martin  was  found  in  a  good 
state  of  preservation.  In  the  shale  itself  were  found  many  poorly  pre- 
served specimens  of  the  Goniatites  conf.  sphcericus,  and  countless  speci- 
mens of  Posidonomya  {Lunulieardium)  conf .  fragosu?n  Meek,  also  many 
specimens  of  Orthoceras  sp. 

These  were  at  first  thought  to  belong  to  the  Coal  Measures,  but  a  very 
similar  bed  of  shale,  with  the  same  fossils  in  the  identical  state  of  pre- 
servation, were  found  at  Moorefield,  Independence  county,  in  the  Fay- 
etteville  shale,  which  probably  corresponds  to  the  Warsaw  group  of  the 
Lower  Carboniferous. 

Comparison  with  the  Permo-Carboniferous  of  Kansas  and 

Nebraska. 

It  will  readily  be  seen  that  the  fauna  of  the  Upper  Coal  Measures  of 
Arkansas  bears  a  strong  resemblance  to  that  of  the  youngest  Paleozoic 
beds  of  Nebraska,  described  as  Permian  by  Prof  Geinitz  in  his  mono- 
graph, "  Carbon  formation  and  Dyas  in  Nebraska." 

F.  B.  Meekf  redescribes  this  fauna,  and  comes  to  the  conclusion  that 

•  Peima.  QtoL  Survey  Ann.  Rep.,  1885,  pp.  437-458,  C.  A.  Ashbumcr  and  A.  Heilprin, 
"  Report  on  the  Wyoming  Valley  Limestone  Beds." 
fFhuUBeport  V.  8.  Oeol.  Survey  Nebraska,  p.  128,  rf  aeq. 


ition  &ro  uot  to  he  referred  lo  the  Permian,  becense  be 

antologic  or  airaligraphic  break  in  ihe  soriea.     He  find* 

<ra  uuaracl eristic  of  tiie  Carboniferous  and  seven  genera  not 

.  -ntedate  the  Permian  in  Europe,  but  ossDciated  withgeiien 

,jught  to  occur  later  ilinn  the  Carboniferous.     Meel£*  aays  thai 

lina,  nbich  occurs  iu  gri^ut  nurabe  re  in  the  Upper  Coul  Measures  ot 

iieorasltB,  is  conaidcred  in  Europe  lo  bo  mainly  a  Lower  Csrbonirerous 

j^enns.     In  thin,  however,  he  was  mistaken  ;  jiis  opinion  dalee  from  the 

lime  wheu  geologistB  were  inclined  to  place  nil  Carboniferona  limestone 

in  the  Lower  Carboniferous.    But  it  is  now  known  that  Carboniferous 

limestone  occnra  in  the  Upper  Carboniferous  about  as  often  as  in  the 

Lower,  and  that  the  Fusullna  liinesto-       of  Sicily   and  Hussia  grade 

■over  into  beds  of  undoubted  Permian  age. 

This  is  also  true  of  corresponding  beds  lu  the  upper  part  of  the  Car- 
bouiferoua  of  Texas,  since  the  line  between  Permian  and  Coal  Measures 
is  purely  arbitrary, 

■     Although  undoubtedly  believing  in  continuity  of  life  and  formations, 
Meek  seems  to  have  I>a6ed  bis  reasoning  somewhat  upon  the  oil  idea  of 
(.■atastrophieB,  since  he  thought  that  the  absence  of  a  iialeontologic  or 
.'■IratigraphJc  break  was  a  aufflcient  reason  for  calling  the  beds  in  quea- 
tiou  Upper  Coal  Measures  rather  than  PeraiJau.     A  large  majority  of  Iht  ■ 
genera  and  species  are  cha rat;! eristic  of  the  Cnrboniferons,  and  thii   | 
Meek  thinks  sufficient  to  offset  the  fact  that  several  genera  previously    ' 
<.'i>nBidered  typical  of  Permian  are  present.     But  some  of  these  doubtflll 
strata  have  at  last  been  acknowledged  to  be  Pcrmianj  by  Williams  and 
Tschernyschew,  and  Prof.  Hyatt  has  described  in  the  Fourth  Annual 
Brport  of  the  Geological  Survey  of  Texas  several  cephalopoda  that  are 
common  to  the  Permian  of  Texas  and  of  Kansas. 

In  the  Upper  Cool  MeasureB  of  Arkansas,  out  of  fifty -two  species,  there 
are  twenty-flve  in  common  with  the  doubtful  strata  of  Nebraska,  and 
eleven  other  species  are  common  to  the  Nebraskan  Permo -Carboniferous 
and  the  Lower  Coal  Measures  of  Arkansas,  but  have  not  yet  been  found 
in  the  Upper  Coal  Measures  of  the  latter  state.  But  of  the  genera  men- 
tione<l  by  Meek  as  being  not  considered  to  antedate  the  Permian  of 
Europe  only  two  are  found  in  the  Arkansas  strata,  namely,  Siinoeladia% 
and  Limit, 

There  is  not  anOlcienl  reason  for  classing  (he  Potean  mountain  beds 
with  the  Permian,  but  their  fauna,  as  well  as  stratigraphic  position,  place 
them  very  high  in  the  Coal  Measures,  since  they  are  like  the  fiannaand 
position  of  the  Mississippi  Valley  Upper  Coal  Measures. 

These  beds  derive  au  additional  interest  from  the  fact  that  on  Poteaa 


t  T>ii».  Kantai  Afad.  ScL.  Vol.  xlU,  p.  3S. 

X  Viaegta  has  showD  lu  Pal.  Indiea,  Sou  Xange  fbaOi  I,  Prodvelu*  lA 

&,  ibal  Svnodadia  Is  not  found  lu  America,  the  speclea  described  by  Smlloir  M 

dia  biierialii  b«lDg  a  ,Scp(oiwra.    Tbere  1>  alM  some  doubt  as  lo  wbetber  Uamn 
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TOountain,  1000  feet  of  shale,  in  which  no  fossils  were  sought  for,  lie 
above  the  thin  layer  from  which  the  entire  collection  was  taken  ;  thus 
the  chances  of  finding  true  Permian  beds  in  that  region  are  very  good. 

Relations  to  the  Texas  Upper  Carboniferous. 

The  most  philosophical  presentation  of  the  Permian  problem  in 
America  has  been  given  by  Dr.  C.  A.  White.*  He  finds  the  fauna  of 
the  upper  Paleozoic  beds  of  northern  Texas,  discovered  by  Prof.  W. 
F.  Cummins,  to  be  analogous  to  that  of  the  Fusulina  Limestone  of 
Sicily,  the  Artinsk  stage  of  Russia,  and  the  upper  Productus  Limestone 
of  the  Salt  Range  in  India.  These  strata  all  show  that  peculiar  com- 
mingling of  ordinary  Coal  Measure  fossils  with  ammonite  genera,  such 
H8  PopanoceraSy  Medlicottia  and  Waagenocera6,  which  seems  to  be  char- 
acteristic of  open  sea  facies  of  the  Permian. 

None  of  the  characteristic  ammonite  genera  were  found  in  the 
Arkansas  region,  but  nearly  every  fossil  found  in  these  Coal  Measures 
was  also  found  in  Texas.  And  in  the  Texas  Permian  nearly  all  the 
species  excepting  the  ammonites  were  found  in  the  underlying  Upper 
Coal  Measures.  This  makes  the  analogy  between  the  Upper  Coal 
Measures  of  the  two  regions  very  strong. 

Nearly  all  these  fossils  are  also  found  in  Illinois,  Iowa,  etc.,  in  beds 
that  have  never  been  thought  to  be  other  than  Coal  Measures. 

We  are,  therefore,  safe  in  concluding  that  while  some  of  the  beds  in 
western  Arkansas  are  very  high  up  in  the  Coal  Measures,  none  that  be- 
long above  them  are  as  yet  certainly  known,  and  the  Poteau  mountain 
syncline,  across  the  line  in  Indian  Territory,  is  the  only  place  where 
there  is  any  likelihood  of  finding  Permian  deposits.  These  beds  may 
turn  out  to  be  the  equivalents  of  the  Wichita  division  of  the  Texas 
Permian,  which,  as  Prof.  W.  F.  Cummins  has  told  the  writer,  contains 
the  exact  fauna  of  his  Albany  division.  The  Albany  beds  were  for- 
merly thought  to  be  Coal  Measures  ;  and  Prof.  Cummins'  work  in  de- 
termining them  by  paleontology  as  well  as  stratigraphy  to  be  the 
equivalents  of  the  Wichita  division  will  be  of  great  help  in  the  study  of 
the  doubtful  so-called  uppermost  Coal  Measure  strata  all  over  the  Mis- 
sissippi Valley.  Many  of  these  strata  are  very  probably  the  homotaxial 
equivalents  of  the  Albany  division,  and  of  the  Artinsk  stage  of  the  Ural 
mountain  region. 

Comparison  with  Foreign  Upper  Carboniferous. 

The  LO'ping  Fauna  of  China. 

The  descriptions  of  the  fauna  of  this  Lo-ping  district  of  China  by 
Prof.  E.  Kayserf  throw  great  light  on  the  relations  of  American  Car- 
boniferous faunas  to  those  of  Asia.     Near  Lo-ping,  in  eastern  China,  are 

*  Balleiin  77,  U.  S.  Qeci.  Survey. 
t  Bichtolien's  Chinot  VoL  iv. 
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f'tund  Su  bedn  overlying  ilie  to»l  bedn  BiuR(>r<iU£  mftrins  (uHsiU  of 
Upppr  Colli  MeusuK  ngc.  Knyssr  hu»  ilpscribiTil  ftfty.flvp  sjtocics.  ten 
not  Bpeciflcally  ideniiftcil,  flllern  rDiiiopDliiH u  "ppcies,  aiicjpl^ven  foriiw 
llint  urt"  typicuUy  Auicrit'iiii.  [imi  liebms  i;liii-fly  lo  tin-  rpjwr  Cool 
Mfftsuri's. 

Ataerochfihit  (Hujiilifer'U. 

Sehiioda*  vhttUri. 

Matrodnn  enrboniriv*. 

AtkuUtpeoUii  nuKfoyi. 

Btttia  comprttfa. 

OrfMt  peeoiii. 

Produftiu  meriptiauM. 

Jihomhopora  Wpidtndroidr*. 

LiiphvphtUtim  prolifcram, 

LopAophgHum prolifervta  rnr,  mHrldtun. 

Fiiitttina  cylindriea  var.  yrariUn. 

Also  tliB  NautUHH  orUntitU*   Kuyscr  is  mo».t  do^rl}'  related  to  ,V.  urct- 
4rntaH*   Swallow,  aod  XiniHlug  mi>iffiihanenfi»  EayMir  resembles  ilin 
ESHitm  American  species.     .Vgalinn  trajKtaidali*  Knyser  finds  lis  ncnriTt 
representative  in  Jf.  t'lbtiunilratn  Shaniartl.    Tho  flftpon  ciramopolilau 
sptideR  an>  also  nearly  all  Touud  in  tbe  Ameriraii  Upper  Ooal  Mnututik     ^\ 
en  that  of  thn  entire  Lo-ping  fkuiiii  nsitrly  nil  tUn  a]i«(d<M  arci  cittifB^^M 
fODfld  in  America,  or  lUey  liave  ibelr  nearest  r<-lativns  tUare.    Tbo  tvrw^H 
rririons  btlniig  lo  lliiwiiM,'  /.nol'Jifiail  pnivint-i-,  llu-  VamVu\  Car1«iiiirtTciu» 

Many  of  those  spedca  that  are  very  common  in  America  and  Asia  are 
unknown  or  rare  ill  Europe,  whieli  fact  wonlil  tend  lo  prove  a  connec- 
tion with  Asia  liy  water,  and  the  sciwration  of  the  European  and  the 
American  L']i|K'r  Coal  Measure  dc')iusils  liy  a  land  barrier. 

The  Carboniferous  plants  collected  by  Baron  von  Kichlhofen  num- 
bered about  forty  species,  and  arc  nearly  nil  identical  with  European 
Carboniferous  plants.  The  nalunil  inference  is  lliat  in  those  times  Asia 
was  counerledliyland  with  Europe,  while  Ihe  sea  opened  out  to  the  east. 

Prof.  J.  S.  Newberry  •  described  a  small  collection  of  Carboniferous 
plants  from  China,  and  found  nearly  nil  of  them  to  belong  lo  well- 
known  European  specie*.  This  is  in  perfect  agreement  with  the  con- 
clusions drawn  above. 

The  Salt  Ila»ye  Bedi  of  India 

In  the  Salt  Range,  in  northwest  India,  are  found  Upper  Carboniferous 
deposits,  sonic  of  which  resemble  those  of  Lo-ping,  China,  and  the 
Lower  Productus  Limestone  of  India  is  probably  of  the  same  age  as 
tlie  beds  of  Lo-ping,  and  the  western  American  Uppermost  Coal  Meas- 
ures. These  dejiosits  and  their  fauna  are  described  by  Prof.  W. 
•Amnieon  Joartiat  iif  Seifna,  Vol.  cuvL,  1883,  p,  133  d  le^. 
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Waagen,  in  the  Paleontologia  Indica,  and  in  the  volume  on  Oeological 
Besults  he  draws  some  very  interesting  parallels  between  the  faunas  of 
the  Upper  Carboniferous  in  different  countries.  Many  of  the  American 
species  that  are  found  at  Lo  ping  are  also  found  in  the  Salt  Range  beds. 
This  same  type  of  Carboniferous  is  found  on  Sumatra,  where  it  has  been 
described  by  Ferd.  Roemer,*  and  on  Timor,  w^here  it  was  described  by 
E.  Bey  rich,  t 

This  is  the  furthest  southward  that  the  Indian  or  northern  type  of 
Upper  Carboniferous  is  known,  and  indeed  the  deposits  of  Sumatra  and 
Timor  begin  to  show  already  a  greater  affinity  for  the  Australian  or 
southern  deposits. 

WaagenJ  divides  the  Carboniferous  into  two  types — the  northern,  or 
Asiatic,  and  the  southern,  or  Australo-African.  The  northern  type  is 
found  in  w^estern  Europe,  Russia,  the  Himalayas,  China,  the  Arctic 
regions,  and  North  America.  The  southern  type  is  developed  in  South 
Africa  and  Australia,  and  extends  into  Peninsular  India  and  Afghan- 
istan. Brazil  probably  belongs  to  this  type,  but  is  to  a  certain  extent 
transitional. 

The  Itaituba  Fauna,  Brazil. 

A  comparison  of  the  Brazilian  Upper  Carboniferous  fauna,  as  described 
by  Prof.  O.  A.  Derby, §  shows  that  of  twenty-seven  species  of  Brachio- 
poda  twelve  are  identical  with  American  forms,  although  most  of  these 
are  cosmopolitan.  The  genus  Strophalosm  is  common  in  these  beds,  and 
as  Prof.  Derby  I  says,  the  species  shows  affinity  with  the  Permian. 
Many  of  the  new  species  are  closely  related  to  European  forms.  Prof. 
W.  Waagen,Tr  says  that  the  beds  of  Itaitdba  are  of  the  same  age  as  the 
Middle  Productus  Limestone  of  India,  that  is  of  the  Permo-Carboniferous 
transition  beds.  The  Brazilian  Strophalosia  is  closely  related  to  Austra- 
lian forms,  indicatinga  closer  connection  with  the  Australian  or  southern 
Carboniferous  region  than  with  the  Pacific  province. 

Classification  and  Age  of  the  Arkansas  Coal  Meastkes.** 

Provisional  Classification, 

The  Coal  Measures  of  Arkansas  have  been  temporarily  classified  by 
the  Survey,  for  the  sake  of  convenience,  as  Upper  or  Productive,  and 
Lower  or  Barren  Coal  Measures.     The  division    is  not  ])ased  on  any 

•  Palxontoffraphica,  Vol.  xxvil,  1880. 

t  AMandlunffen  der  Berliner  Akademie  der  WUtemschaftm,  1865. 

I  Salt  Range  FoaHU,  Geological  Results,  p.  239. 

I  Bulletin  Oomdl  Vnivertity,  Vol.  i,  No.  2,  and  Journal  Geol.,  Vol.  ii,  pp.  I80^'i0l. 

I  foe  ci< ,  p.  60. 

%  Salt  Range  FohsiUy  Geological  RcbuIU,  p.  207. 

**Tbe  writer  is  greatly  indebted  to  Messrs.  K  T.  Dumble  and  W.  F.  Cummins  of  tbe 
Geological  Survey  of  Texas,  for  tbeir  kindness  and  courtesy  to  bim  in  tbe  Texas  Museum, 
a  Ifo  for  valuable  aid  in  tbe  correlation  of  the  Coal  Measures  of  Arkansas  and  Texas. 

PROa  AMSR.  PBIL08.  80C.  XXXV.  152.  2  C.      PRINTED  DEO.  8,  1896. 


Smith.]  226  [Oct  2, 

paleontologic  or  stratigraphic  break,  but  merely  on  tbe  occurrence  or 
non -occurrence  of  coal. 

The  divisions  that  are  recognized  in  Pennsylvania  could  not  be  recog- 
nized in  Arkansas,  but  the  strata  of  tbe  two  sections  arc  correlated  as 
far  as  possible,  with  the  scanty  data  now  at  band. 

The  Lower  Coal  Measures. 

Of  the  age  of  the  Lower  Coal  Measures  we  have  only  stratigrapbic 
evidence,  their  position  above  the  limestones  of  the  Lower  Carboniferous 
and  below  the  coal-bearing  beds  of  the  Upper  Coal  Measures  being 
unmistakable.  But  their  known  fauna  and  flora  have  been  too  limited 
and  indecisive  to  enable  us  to  correlate  the  stages  with  those  of  other 
Carboniferous  areas,  since  collections  have  been  made  in  but  few  places, 
and  XhQue  chiefly  in  sandstones,  where  the  preservation  of  fossils  is 
usuallv  unsatisfactorv,  and  the  determination  uncertain. 

But  the  Lower  Coal  Measures  correspond  in  a  general  way  to  the 
Strawn  and  the  lower  part  of  the  Canyon  division  of  Texas,  to  the  Potts- 
ville  Conglomerate  series,  the  Lower  Productive  Coal  Measures,  and 
part  of  the  Lower  Barren  Coal  Measures  of  Pennsylvania.  The  series 
corresponds  in  the  main  to  the  Middle  Carboniferous  limestone  of  eastern 
Russia. 

T?ie   Upper  Coal  Measures. 

The  Arkansas  Upper  Coal   Measures  correspond  to  the  upper  part  of 

the  Canyon  and  the  \vh()l('  of  th<'  Cixo  division  of  Texas.*  and  below 
tlic  transitional  P('i'nio-C'arbonir('rou>  or  Artinsk  staixe,  to  which  latter 
aire  llu-  lower  ])art  ol  the  Wichita  and  Albany  divisions  of  Texas 
lu'lonii".  Tlic  Lower  Perino-Carbonit<rous  beds  of  Kansas  and  Xebraskn 
ai'e  also  ))i-ol):ibly  to  be  correla1e(l  with  the  Artinsk+  staire.  altboiiirh 
\Vaai:en|  elapses  tbe  entire  seiie<  with  the  annnonitc-bearinir  b«-ds  of 
northern  Texas,  dexribed  by  Dr.  C.  A.  White,  in  Bulletin  77  of  the 
V.  S.  (ieoloirical  Survey.  Most  of  the  latter  Texas  ])eds  belong  rather 
above  the  Artinsk  staiz:e.  and  in  the  true  Permian,  and  are  i)robably  of 
the  ^anie  aire  as  the  Muhlle  and  I'pjn  r  PriKfurfu-s  Lunesttmt  of  the  Salt 
KaiiL^e. 

^VaaL^(•n.  in  Salt  Uiimjc  Fossi'l.'i,  d^  ohnjh'dl  Jii.i>/Jff<.  p.  2^^.  gives  a  <'oni- 
])arative  table,  sliowinir  the  relationship  ot  the  upper  Paleozoic  strata 
all  over  the  world.  While  the  ]>o^ition  assii;^ned  some  of  the  American 
4lep<»siis  does  not  aiiree  with  that  accepted  bv  most  American  ireoloirists, 
still  tln'  table  is  \cv\  useful  for  comparison,  and  it  has  been  freelv  u<ed 
in  compilinLT  the  comi)arati\('  table  accompanying  this  paper. 

'Tlic  writer,  in  Jonrutd  Groloijy,  Vol.  ii,  p.  191,  followinj;  Karpinsky.  placed  the  F^pii 
nncri(ij<  jHirbri  hods  iu  the  lower  rennian  or  .Vrtinsk,  but  in  this  he  wju^  mistaken.    Prof. 
W.  F.  <'uuimins  told  the  writer  that  these  l>e<ls  are  not  in  the  I'pper  <'isco.  but  in  the 
Stfiiwn  division,  and  therefore  an-  Ix^wer  <'oal  Measnres. 

+  Karpinsky,  Animonteu  dir  Artiwik-Sti(fe,  p.  '.•_'. 
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The  beds  of  Poteau  monutain,  Indian  Territory,  are  probably  of  the 
age  of  the  Lo-ping  strata,  while  the  yellow  shales  of  Scott  county, 
Arkansas,  1  N.,  28  W.,  section  4,  southeast  quarter  of  southeast  quarter, 
are  probably  of  the  age  of  the  Upper  Carboniferous  Limestone  of  Mos- 
cow, and  the  west  slope  of  the  Urals,*  if  we  can  judge  by  the  occurrence 
of  Gastrtoeera^  conf.  marianum  and  Pronorites  in  them.  This  would 
make  them  older  than  the  Poteau  mountain  shales,  which  is  very  likely 
the  case.  The}'  are  the  probable  equivalents  of  the  Canyon  division  of 
Texas. 

Paleobotanic  Evidence. 

Our  knowledge  of  the  paleobotany  of  the  Coal  Measures  of  Arka.nsas 
lias  l)een  up  to  the  present  time  very  Ihuited,  depending  almost  entirely 
on  the  publications  of  Lesquereux  in  the  Second  Annual  Report  of  a 
Geological  Reconnaissance  of  Uie  Middle  and  Southern  Counties  of 
Arkansas,  1860,  and  in  the  Second  Geological  Survey  of  Pennsylvania, 
**  Report  of  Progress,  P.  Description  of  the  Coal  Flora  of  the  Carbonif- 
erous Formation  in  Pennsylvania,  and  throughout  the  United  States," 
1884. 

The  joint  monographf  of  H.  L.  Fairchild  and  David  White  on  the 
fossil  Flora  of  the  Coal  Measures  of  Arkansas  throws  much  new  light 
on  the  stratigraphic  and  regional  distribution  of  species,  and  has  been  of 
material  aid  in  correlating  the  Arkansas  strata  with  those  of  other 
regions.  They  prove  that  all  the  Coal  Measure  plants^  published  from 
Arkansas  belong  to  the  horizon  of  the  Upper  or  Productive  Coal  Meas- 
ures. The  Van  Buren  plant  bed  is  thought  from  paleobotanic  evidence 
to  belong  above  the  horizon  from  which  most  of  the  coal  of  Arkansas  is 
obtained,  that  of  the  Ouita  coal,  and  this  agrees  with  the  evidence 
given  by  the  stratigraphy  and  the  marine  fossils.  The  Van  Buren  plant 
bed  occurs  below  the  Poteau  mountain  marine  beds,  and  above  those  in 
8  N.,  82  W.,  section  12,  Sebastian  county,  near  Fort  Smith  ;  and  these 
latter  marine  beds  occur  above  the  horizon  of  the  Ouita  coal. 

The  Poteau  mountain  marine  beds  are  of  about  the  same  age  as  the 
Wyoming  Valley  limestonesg  of  the  Upper  Productive  Coal  Measures  of 
Pennsylvania,  and  these  belong  below  the  Dunkard  creek  series  of  the 
Upper  Barren  Coal  Measures.  The  Dunkard  creek  beds  have  lately 
been  proved  by  Prof.  I.  C.  White |  to  be  of  the  same  age  as  the  Permian 
of  northern  Texas,  on  the  basis  of  plant  remains  that  occur  towards  the 
top  of  the  Texas  beds  in  which  marine  Permian  fossils  were  found. ^ 

But  the  paleobotanic  evidence  aids  in   establishing  the  age  of  the 

*02  of  Tschemlschew,  Mhn.  Com.  Oiol.  Ruuie,  Vol.  ill,  No.  4,  p.  :v>;?. 
t  An  unpublished  report  of  the  Geol.  Survey  of  Arkansas. 

X  The  work  of  the  Survey  shows  that  the  plants  described  by  Lesquereux  from  Wash- 
ington county  as  Subconglomerate  belong  to  the  Lower  Curboniferous 
2  Upper  part  of  C2,  Tschemlschew,  Mfm.  Com.  Gi  I.  Rusttic,  Vol.  111.  No  1,  p.  .^=>3. 
I  BulL  Q€of.  Sac.  America,  Vol.  iii,  p.  217. 
f  Bull.  77,  U,  8.  OeoL  Survqf. 


Upper  Cual  MoHHures  only  l  iilani»  are  not  repf>rtert  ou  fmm  any  luiri-l 
atnii  of  llie  Lnwpr  (.'oal  MettsurpB,  ullUougb  tUey  atv  known  from  «  ffw.! 
\(KiMlicB. 

Owen*  nieutlone  Slignfiria  fieoiites  as  oceiirriug  at  Patterson's  mill. 
riuar  Bee  RorIs,  on  Littk  \\v.A  rivor,  Whilo  county.  In  Au};ast,  ISU!,  a 
fpw  [ilanta  werp  found  by  tlie  Survey  in  tLc  Bpc  Rock  sandsioae  mat 
tbii  base  of  tbe  series  and  below  must  of  the  ilwrine  foeslb,  but  aone*f 
thuBi!  conld  be  identifled. 

Mr.  D.  McRap,  of  Searcy,  informed  tbe  Survey  that  in  7  N.,  T  W,l 
section  4,  White  pounty,  were  foilud  sUalcs  i-onluining  numerous  £f^'| 
dodendra  and  ferns.     Tliese  shales  are  almve  Ihr  Dec  Kock  sandainnct^ 

In  a  well  at  Dr.  OrifBn"s,  5  N.,  10  W,,  sectlim  :>.  nwir  El  Paso.  Whil»  | 
fonnly,  siiecimens  of  Lepidodendnm  were  eollpc^li'd  liy  llr.  J.  C.  Br* 
ner,  in  micacronii  flaggy  BandMonr,  thought  to  lie  of  about  t\\r  urn 
age  aa  ihe  nbiile»  of  SeHtt-y.    Abuui  ftfly  feet  abuvu  tbe  daggy  iuioit-4 
nlone  was  found  n  thin  bt-d  of  coiil.  and  thirty  ftiK  Ui);Ue 
eonl  bed  with  nnnicroiw  fprn»  and  OalnmiU*. 

C.  S.  ProBBcrt  menlious  plants  supiMised  to  he  uf  Lower  Curbonirer 
utiH  age.  from  (ihinnll  mniiiitHln,  in  3  N..  14  W..  section  17 ;  also  fmiii 
Doolion  3U  of  the  «ame  [owuBbip. 

In  (]Uitrriea  in  the  »iind«loncs  of  Bit;  Rock,  umr  tbe  city  of  Littiv 
BocK;  arc  found    plant    mmains   of  indoterminahle    cliaractor.    Tta    1 
8tratiKrB|ihy  of  the  Survey  idnctts  tlie  three  ImI  lucalilioH  in  tlte  Luwtt^ 
Ciml  Mwsurc",  and  probnbly  aliove  Ihe  foHBiliferous  sandstones  of  Bet  * 
Rock,  on  Little  lied  river. 

TiiK  Pacific  C'AiiDOKiirEROus  Sea. 

Rerolution  iit  Deeoiiian  Tim«. 

hi  PalcoKOic  times  there  Itave  heeti  many  revolutions  and  alterna- 
tions of  coiilinent  s  and  seas,  and  cotiscquent  readjustment  of  their 
inhabitants  to  new  surroundings.  One  of  tbe  greatest  of  these  revolu- 
tions was  iliat  which  broke  up  a  large  zoological  province,  and  put  in 
direct  connection  regions  that  before  were  separated. 

Dr.  A.  Ulrii-hl  has  shown  that  in  Lower  and  Middle  Devonian  the 
faunas  of  Bolivia,  BraKil.  the  Falkland  Islands  and  South  Africa  were 
very  similar  to  Ihose  c>f  North  America,  and  that  they  were  very  differ- 
ent from  the  fauniis  of  Europe  and  Asia.  This  state  lasted  until  the 
end  of  the  .Middle  Devonian,  when  the  revolution  began.  Prof.  H.  !*. 
Williaius^  ban  shown  that  with  the  beginning  of  (be  Upper  Devonian 
in  -Vmerica  there  came  in  a  fauna,  man;-  species  of  which  were  not  the 
direct  descendants  of  those   immedialcly   preceding  them.     This   nen 

•  SbwuI  Geal.  Bttmit.  Art.,  Vol,  1,  p.  68. 
iAit.  GnU,  Srin-eji  Ann.  Sep.,  Vol,  iti,  1890,  p.  423. 

]  lleitrdjt  lur  Geotogit  unit  Paldont.  fiudamerika.  I,  "  I'aUozolBchb  VentdnerunKeD  bui 
Bollvlcn." 
i  Bua.  Ofot.  Sor.  Amr.,  Vol.  i.  "  The 
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fauna  was,  however,  closely  related  to  forms  known  in  Europe  and 
Asia,  but  unlike  those  of  the  southern  regions.  Prof.  Williams*  after- 
wards elaborated  this  theory  and  followed  out  closely  the  changes  that 
were  inaugurated  towards  the  close  of  the  Devonian.  The  culmination 
of  these  changes  produced  the  Pacificf  Carboniferous  sea. 

The  Carboniferous  Sea. 

From  Chapter  v,  in  Suess*  Anilitz  der  Erde,  Vol.  ii,  we  get  many 
valuable  suggestions  as  to  the  outlines  of  the  Pacific  Carboniferous 
ocean.  The  Subcarboniferous  was  the  time  of  greatest  transgression  of 
sea  over  the  present  land  areas,  while  the  sea  in  which  the  Fusulina 
beds  of  Europe  and  America  were  formed  was  more  circumscribed. 

The  Waverly  group  when  traced  towards  the  west  gradually  takes  on 
the  character  of  deep  water  formations  ;  it  is  persistent  through  Nevada 
and  California, t  and  has  been  shown  by  the  writer  g  to  have  a  similar 
fauna  in  these  two  states.  The  Waverly  probably  persisted  much 
longer  in  the  west  than  in  the  east,  for  in  northern  Missouri  Dr.  C. 
R.  Keyes|  has  observed  that  in  the  midst  of  an  undoubted  Burlington 
fauna  a  well-marked  Kinderhook  or  Waverly  fauna  reappears.  This 
he  explains  by  Barrande*s  theory  of  colonies.  It  is  probably  an  in- 
cursion of  the  inhabitants  of  a  deeper  western  sea,  where  the 
Waverly  had  persisted  longer,  into  the  shallower  eastern  waters.  The 
work  of  the  Geological  Survey  of  Arkansas  shows  that  a  similar  phe- 
nomenon occurs  in  that  state.  The  Fayetteville  shale,  which  is  of 
Warsaw  or  St.  Louis  age,  contains  a  fauna  that  differs  markedly  from 
those  of  the  limestones  above  and  below  it.  A  recent  paper  by  Prof. 
Henry  S.  WilliamsIT  shows  the  occurrence  in  the  Fayetteville  shale  of 
several  species  that  occur  in  a  doubtful  Upper  Devonian  or  Lower  Car- 
boniferous black  shale  in  the  White  Pine  district,  Nevada.  Along  with 
these  Devonian  or  Waverly  species  oc(;ur  others  tliat  belong  much 
higher,  as  Productus  stmireticulatus  and  Goniatites  conf.  sphwricus. 
Below  the  Fayetteville  shale  is  the  Boone  chert,  which  at  the  base  con- 
tains a  decided  Burlington  fauna,  and  at  the  top  probably  belongs  to 
the  Warsaw.  This  has  been  observed  in  so  many  places  that  there  is  no 
2)OSsibility  of  mistake  in  the  sequence  of  the  strata. 

We  have  therefore  in  Arkansas  an  incursion  similar  to  that  in  Mis 
souri,  except  that  in  Arkansas  the  incursion  came  considerably  later. 
This  is  evidence  that  somewhere  in  the  west  the  Waverly  fauna  per- 
sisted throughout  the  Osage  and  possibly  a  part  of  the  St.  Louis.     This 

^Proc.  Amer.  Aaaoc.  Adv.  »S'd.,  1892,  Section  E,  Address,  "The  Scope  of  Paleoutolog^' 
And  Itn  Value  to  OeologiBts." 

t  See  also  Tschemischew,  Jtfftn.  Com.  GM.  RuMic,  Vol.  ili,  No.  1.  p.  H64,  on  the  physi- 
cal geographic  changes  that  occurred  in  Europe  towards  the  end  of  the  Carboniferous. 

X  Zoe,  Vol.  ill,  p.  274,  Proc.  Call/.  Acad.  Sci.,  Oct.  17,  1892. 

§Joum.  QeoLf  Vol.  11,  No.  6,  Metamorphic  Series  of  Shasta  County,  California. 

I  American  Jonmal  qf  Science,  December,  1892,  p.  447. 

f  Amer.  Journal  qf  Science,  Vol.  xlir,  1m95,  pp.  91-lUl. 


la  in  ttccoriluDcw  wllL  the  phenomenon  dnscribccl  tij  Pmf.  C.  D.  W»l- 
c'ott  iu  Monograph  viii,  U.  8.  Oeological  Survey,  from  tlie  Enrelu  Ob- 
triot,  Nevada,  wlivre  a  Waverly  tiinnR  occur*  Ihrre  ttumnand  Tcct  iibore 
the  base  of  the  Carbon Iferoug  formalinn.  Tlie  aauui  lliui);  lias  been  oft'j 
survive!  by  iho  writer  in  ilie  ('HrboairerauM  iif  ttbasia  couuty.  California.*' 
TliH  Iiower  Carlioni&niu?  liiucstoncs  mn  1w  Irnroil  all  throagh  Iha 
Wt^t  nn<l  ibo  SfUslseiiipi  Talley.  lo  1h^  hn»v  ot  ib«  A|i|>»lai.'hian  uioun- 
lains,  where  they  arc  n-plnccil  liy  (■onglanicmtE?  anil  nllirr  coarw 
nediiuenlB. 

Uiiptr  Carbantftrotit  in  Ih*  Weti. 

Of  the  Upper  Carboniferous  «U  tluil  we  know  west  of  Indian  Tcr- 
rliory  takca  on  u  ilmdviUy  lunriut.-  duimi'ti-r.  iKintainiog  tliirk  bed*  or 
limestones.  Tligrc  am  Iwwevcr  some  tluii  beds  "f  coal  Id  Texiu,  atxl 
HOine  cartionaccouB  Htfinu  witU  a  few  laud  plaol*  !ii  N«w  Ucsko  and 
Xevadik.  Till!  coul  in  Texas  was  pmlNibly  di-pnsltrd  near  ihc  ontiilurm 
shore  line  of  lite  CarbODlferoiiB  sm,  and  tlie  earbonaceous  Mwm*  in  ibp 
far  WeHl  probably  belong  to  lh«  inanlar  art-a*.  Tbc  foanlls  drscribrd 
from  the  wmcrn  CarbonifcToiiii  arc  all  mariDe,  witb  tbe  idigbt  Mtfp 
tiou  that  Waleultf  uu-utlona  a  few  gpeciinvnH  of  pulmonatc  GaairropoiU 
tlial  wore  found  along  wltb  bra<;h1niiods,  I'omU  and  land  i>laBi«.  evi- 
dently waHhed  In  fnmi  a  dlBtance,  siiite  no  terrealrial  Cnrlniniremiis  ilr- 
posUs  arc  known  mpht  iIip  Kiircka  flinirii't. 

IJir  l''iic/m»ki  Limtttoiie. 

In  the  the  eastern  [iiirt  ol'  Indian  TiTrilory  are  found  large  deposits  of 
coal  in  the  Up|)er  Coal  MeatiUreti,  but  further  west  the  same  horixon  is 
represented  by  niarine  limestone.  In  1892.  Mr.  H.  C.  Hoorer,  of  the 
Geological  Survey  of  Arkansas,  found  nt  ilie  Gorernment  lime-kiln. 
three  miles  northwest  of  Pawhtiskl,  Oklahoma  Territory.  Osage 
agency,  a  bed  of  massive  limestone  about  100  feet  thick,  tying  horizon- 
tally on  lieavily  bedded  sandstones.  The  limestone  is  fossiliferous,  hnl 
the  sandstones  are  nut.  The  fossile  collected  were  placed  at  my  dis- 
posal, and  on  examination  Ihey  proved  to  be ; 

Spirifer  caaieratut  Morton. 

Athgrit  ntbliiiUi  MhII  sp. 

Produetu*  temirelieulula*  Martin,  sp. 

Produetut  nebratetmit  Owen. 

Produetut  tplenddit  Norwood  and  Pratten. 

Dtrbyiit  cratta  Meek  and  Hayden. 

These  are  plainly  of  Upper  Carboniferous  age.  The  limestones  cajy 
the  hills  in  that  region,  and  spread  over  a  gn-at  area,  bnt  fotsils  were- 
collected  at  this  place  only. 

•JmnuiKtf  Oeohgy,  Vol.  II,  .Vn.6,  pp.  53»-6JZ, 
i  U-m.  irlll.  V.  S.  Geol.  Surtrn,  p.  1^. 
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Liter  change  of  Life  Between  East  and  West. 

The  many  beds  of  marine  fossils  in  the  Productive  Coal  Measures  are 
simply  transgressions  from  the  western  sea,  and  reach  no  further  east 
than  Pennsylvania  and  West  Virginia.  The  Appalachian  system  was 
the  western  border  of  the  ancient  Atlantis*  which  separated  the  Euro- 
pean from  the  Pacific  waters,  while  the  great  Indo-Australianf  conti- 
nent bounded  the  Pacific  ocean  on  the  south.  This  ocean  must  have 
stretched  from  the  American  Coal  Measures  to  Eastern  China,  the  Salt 
range  in  India,  the  Ural  mountains  on  the  borders  of  Russia,  and  into 
the  Arctic  regions,  for  we  find  related  faunas  in  all  these  places.  What- 
ever we  have  of  western  European  Coal  Measure  species  must  have 
migrated  from  this  direction,  since  on  the  east  there  was  no  direct  com- 
munication with  European  waters.  An  example  of  this  is  Productus 
giganteusX  Martin,  which  is  common  in  Europe,  and  is  found  in  the 
Lower  Carboniferous  of  the  McCloud  river,  Shasta  county,  but  is  not 
found  east  of  that  place,  unless  P.  latissimus  Sowerby,  from  Montana, 
west  of  the  main  chain  of  the  Rocky  mountains,  be  an  equivalent. 
Another  example  is  Omphalotrochus  tthitneyiyiccky  which  was  first  de- 
scribed from  the  Carboniferous  limestone  of  Shasta  county,  California, 
but  is  also  very  common  in  the  Lower  Coal  Measure  limestone  (C2)  of 
eastern  Russia.  J 

On  the  other  hand,  many  species  seem  to  be  confined  to,  or  character- 
istic of,  this  ocean  ;  among  them  may  be  mentioned  l^oductus  cora 
d'Orbigny,  which  Waagen|  says  is  not  found  in  Europe,  its  nearest  rep- 
resentative being  Productus  riparius  Trautschold  ;  it  was  however  first 
described  from  South  America. 

Ooniatites  mariawus  Verneul  is  found  in  the  Artinsk  region  of  tho 
Urals  and  in  Arkansas.  The  genus  Pronorites,  while  found  in  western 
Europe,  is  rare  in  it,  and  is  much  more  common  in  the  Pacific  region. 
Pronorites  is  fumnd  in  the  Artinsk  region  and  in  Arkansas,  while  the 
ammonite  genus  Medlicottia,  the  direct  descendant  of  Pronorites,  is 
found  in  the  Permo -Carboniferous  strata  of  Sicily,  the  Urals,  the  Salt 
range,  and  Texas. 

It  is  impossible  to  suppose  that  the  same  genus  and  species  originated 
at  different  localities,  and  since  we  have  both  ancestors  and  descendants 
in  places  so  widely  separated,  we  can  only  suppose  that  there  was  free 
interchange  of  life  between  those  places  at  that  time,  or  in  other  words 
an  open  sea,  on  the  borders  of  which  these  fossiliferous  deposits  were 
laid  down,  and  along  the  margin  of  which  the  cephalopods  and  other 
marine  animals  could  migrate. 

•  Saess,  AnOUz  der  Erde,  il,  p.  17. 
t  SDe»,  Ibid.,  ii,  p.  316. 

X  Sec  AnnutU  Report  U.  S.  Oeog.  and  GeoL  Surv.  Terr.,  1883,  Part  i,  p.  132,  and  Bulf.  Ofog. 
and  Oed.  Surv.  Terr.,  Vol.  ii,  No.  4,  p.  354. 
i  See  Jowrrud  Qnjif.,  Vol.  ii.  No.  6,  pp.  598-600. 
I  FaL  Indicot  Salt  Range  Fossils,  Bmcbiopoda,  p.  677. 


B       Hcpl.ttf,iiir>il  of  T.imntmtrt  hy  Cintl-bearing  Fornuitioii»  in  WetUrn 

m  Europe. 

On  Inicing  Hit-  I'pjior  Curiioniferous  deposits  of  ilin  Uml  region  lu- 

.  wnrdfi  the  wret,  \rr  Bnil  ilic  limestones  thinning  oot,  ami  ibf  Coiil  inoi- 
Bilros  aud  Culm  formalioni'  taking  their  places;  we  find  als"  llial  (he 
tmnsgri'^si'in  of  marine  iin  tcrivstrinl  deposits  takc,«  plan-  fWiiu  the  vast. 
just  ilic  revprse  of  what  iii  scrn  in  AmPrica, 

Land  Arntt  in  thf  M'ttt. 
It  is  not  thought  that  ihv  Fac'ittc  CarhuiiiruruiiH  sea  wn»  an  un- 
lirokrn  expanse  of  water  in  western  Amcrii-ai  nn  the  rontrary  there 
uru  many  evidcncen  of  largo  laiiUied  land  titewt  and  archipelagos. 
Dr.  Joseph  Le  Conic*  has  ui^ued  that  Ihe  Basin  mngr,  during  much 
of  Paleozoic  and  Mesozoic  time,  was  a  continent,  off  the  wesleni  shores 
of  which  the  sediments  that  aderwaniB  became  the  Bierra  JTevada  nod 
Cuaai  range  were  laid  down.  Clarence  Kingf  tliimglii  that  tlic  ^nnx 
IhickiiesH  of  Paleozoic  littoral  dHposiia  in  the  Oroat  BuHin  region  provral 
the  existence  of  a  large  body  of  hind  further  weat ;  he  thought  Iliat  the 
eastern  shore  of  this  rontlnont  waa  in  Nevada,  and  cast  nf  iLis  stretched 
Ihe  CarhouiferoBS  sea,  which  covered  all  Lut  the  island  cliain  of  Ihe 
liocli]'  Mountain  region.  King^  fbrthor  nonclnded  liial  Ihe  CarboniAr- 
tiiiH  ill  California,  west  of  the  old  shore  line,  Indicated  ahsllow  bays  that 
liiTinidi'd  llie  weslem  extension  of  the  upper  Paleoioiy  deposits,  while 
llic  l.iilk  <:(  Iheiii  was  slopped  liv  th<>  liiild  coast.  Tbprc  ari>  L-vid.-nws 
of  land  areas  in  the  Kocky  mountains,  Wahsatch  mountains.  New  Mex- 
ico, and  Nevada,  hut  from  the  facts  now  known  it  seems  more  prohable 
I  hat  lliese  were  large  islands  or  archipelagos,  rather  than  continents. 

The  rsHMi.iK  P.iciFic  Ocean. 
The  outlines  of  the  great  western  ocean  can  l>e  traced  in  Pennian 
times  also,  but  with  much  more  circumscribed  limits.  Open-seadepo^ts 
of  this  age  arc  Icnown  in  Texas,  in  Ihe  Salt  range,  on  the  weal  slope  of 
Ilic  Vrals,  on  Ihe  island  of  Sicily,  and  in  scattering  places  in  Central 
Asia.  In  all  these  Ihe  genera  are  nearly  the  same,  except  that  the  At- 
fcifcx  types  are  conflned  to  the  more  southern  regions.  This  similarity 
indicates  plainly  a  connection  of  these  deposits. 

.  Suessg  argues  Ihat  the  open-sea  Permian  fauna  wandered  in  from  the 
south,  and  that  the  Mesozoic  types  of  ammonites  were  foreign  to  the 
northern  regions,  Karpinsky,|  on  Ihe  contrary,  holds  that  Ihey  were 
autochthonous,  al  least  in  the  Ural  region,  since  he  could  trace  the  de- 
went  of  all  the  ammonites  except  the  Popiiimfirnlii  frcmi  goniatiles  that 
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were  found  in  the  underlying  Carboniferous.  As  has  been  already  men- 
tioned, the  ammonite  genus  Medlicottia  is  not  a  foreigner  on  this  side  of 
the  Permian  Pacific  ocean,  because  its  ancestor,  Pronorites,  is  found 
here  too. 

The  Triassic  Pacific  Ocean. 

Our  knowledge  of  the  Triassic  Pacific  ocean  is  based  on  the  work  of 
Mojsisovics,  Arktische  Triasfaunen,*  We  find  that  in  this  period  the 
American  part  of  the  great  western  ocean  has  mostly  become  land,  and 
only  on  the  western  border  of  America  do  we  find  marine  Triassic  beds, 
in  Nevada,  California,  Idaho,  and  along  the  coast  region  in  widely  sep- 
arated places,  from  Alaska  through  British  America  to  Peru. 

These  deposits,  with  similar  faunas,  can  be  traced  on  the  other  side  of 
the  Pacific  from  New  Zealand,  Timor,  New  Caledonia,  to  Japan,  and 
Siberia.  This  sea  stretched  out  on  one  side  over  the  Himalayas  to  the 
eastern  Alps,  forming  iVhat  Neumayrf  called  the  "central  Mediter- 
ranean sea."  On  the  other  side  the  sea  stretched  up  to  Spitzbergen, 
but  did  not  reach  the  Atlantic  region.  The  Triassic  was  a  continental 
period  for  the  greater  part  of  the  present  continents.  J  After  the  Trias 
the  outlines  of  the  western  ocean  had  changed  entirely,  and  no  resem- 
blance to  the  original  boundaries  can  be  traced. 

Time  of  the  Ouachita  Uplift. 

The  youngest  rocks  known  to  take  part  in  the  Ouachita  Mountain 
system  belong  to  the  Upper  Coal  Measures,  and  the  disturbance  must 
have  taken  place  at  the  border  between  Carboniferous  and  Permian. 
Still,  it  is  not  unlikely  that  deposits  of  Permo-Carboniferous  age  may 
yet  be  found  at  some  places  in  the  region. 

Another  fact  that  makes  this  time  for  the  uplift  probable  is  that  the 
Permo-Carboniferous  beds  of  Kansas  and  Nebraska  are  not  of  the  open- 
sea  type,  but  belong  to  the  northern  European  or  Zechstein  type  of  de- 
posits. The  beds  of  Texas,  presumably  of  nearly  the  same  age,  are  of 
the  Artinsk  or  open-sea  facies,  and  are  characterized  by  the  occurrence 
of  ammonites,  commingled  with  ordinary  Upper  Coal  Measure  fossils. 

This  uplift  may  be  of  the  same  age  as  that  movement  in  the  Appa- 
lachiansg  which  cut  oflT  the  Upper  Barren  Coal  Measures  of  Pennsylva- 
nia and  West  Virginia!  entirely  from  the  western  sea  ;  in  those  deposits 
no  marine  fossils  are  found,  but  only  land  plants  and  fresh-water  Crus- 
taceans, •T  and  a  few  fresh-water  moUusks. 

•  Man.  Acad.  Imper.  Sei.  SL  PHerglfOurg,  Tome  XJ,  No.  6. 

iDenbichr^  Wiener  Atad.,  1885,  "Die  ifeogTaphL«%che  VerbreltuiiK  der  .1  uniform atlon." 
;  Suen,  AntUU  der  Brde,  ii.  p.  1 47. 
I  Penna.  Second  OeoL  Sunn/,  P.  P  ,  I».  120. 
0  L  C.  Vrmte,  BuU.  6WA  l\  S.  Gtol.  Surrey,  p  41. 

t  Pama.  Second  Getd.  Swrrty,  P.  P.,  Permian  Flora.  W.  M.  Fontaine  and  I.  C.  White,  p. 
116. 
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Descriptions  of  the  Coal  Measure  Marine  Fossils. 

The  lists  of  fossils  given  above  establish  beyond  question  the  age  of 
the  species  described  in  this  paper,  and  enable  us,  even  without  the  aid 
of  stratigraphy,  to  assign  them  to  their  proper  horizon,  by  a  study  of 
the  accompanying  faunas.  Of  the  goniatites  only  one,  Oastrioceras 
branneri  J.  P.  8.,  is  thought  to  be  a  new  species,  altliough  all  are  new 
to  Arkansas.  Oastrioceras  marianurnYevncw},  and  Pronorites  cyclolohus 
Phillips,  have  never  before  been  found  outside  of  Europe  ;  Oastrioceras 
globulosum  Meek  and  Worthen  is  found  here  for  the  first  time  outside  of 
Illinois  ;  Gastrioceras  excelsum  Meek  is  found  for  tlie  first  time  outside 
of  Kansas ;  JParalegoceras  iowense  Meek  and  Worlhen  is  found  here  for 
the  third  time,  being  known  elsewhere  only  in  Iowa  and  in  Texas,  and 
shows  on  the  Arkansas  specimen  the  internal  lobes,  features  that  have 
never  before  been  seen  in  this  species  and  genus. 

Both  stocks  or  families  are  represented  in  the  collection,  and  genera 
that  probably  were  the  ancestors  of  important  genera  and  families  in  the 
Permian  and  the  Mesozoic,  and  thus  as  transitional  forms,  or  links  in 
genetic  series,  they  command  especial  interest.  All  species  described  in 
this  paper  are  deposited  in  the  geological  museum  at  Stanford  Uni- 
versity, except  the  originals  of  Gastrioceras  branneri  J.  P.  S.,  and  Pro- 
norites  cyclolobus  Phillips,  var.  arkansiensis  J.  P.  S.,  which  are  depos- 
ited in  the  U.  S.  National  Museum. 

Subkingdom  Coelentkrata. 

Class  Anthozoa. 

Genus  Fistdlipora,  McCoy.  Fistulipora  nodnlifera  Meek,  U.  S. 
Geol.  Survey  Nebraska,  p.  143,  PI.  v.  Fig.  5. 

This  species,  which  is  common  in  the  Upper  Coal  Measures  of 
Nebraska,  Iowa,  Illinois,  etc.,  was  found  in  corresponding  strata  on 
Poteau  mountain,  Indian  Territory. 

Genus  Lophophyllum,  Milne-Edwards  and  Haime.  Lophophylluni 
proltferum  McChesney  sp.,  McChesney,  Descript.  New  Pal.  Foss., 
1860,  p.  75  ;  F.  B.  Meek,  U.  8.  Geol.  Surrey  Nebraska,  p.  144. 

Several  specimens  agreeing  with  the  typical  L.  proliferum  were  found 
in  the  Upper  Coal  Measures  of  Poteau  mountain,  Indian  Territory. 
Specimens  closely  resembling  this  species  were  also  found  in  the  Boone 
Chert,  Lower  Carboniferous,  of  Boone  county,  17  N.,  19  W.,  section  2,  near 
Valley  Springs.  The  latter  specimens  are  more  like  Lophophyllum  pro- 
liferum  var.  sauridens  White,  C.  A.  White.  U.  S.  Geog.  Sure.  W.  of 
100th  Meridian,  iv,  p.  101,  PI.  vi.  Fig.  4,  from  Carboniferous  strata.  New 
Mexico  and  Colorado. 

Genus  Zaphrentis,  Rafinesque.     Zaphrentis,  sp.  indet. 

In  Crawford  county,  10  N,  30  W.,  section  10,  southeast  quarter  of  north- 
west quarter,  in  strata  of  the  Lower  Coal  Measures,  and  in  the  same 


ti>ritiatl(iD  ill  Couwity  eannlj^.  S  N..  10  W.,  section  IT,  ne&r  centre  of  ibe 
uorth  half,  wcTt!  found  specimeDa  of  this  gonus,  too  poorlf  preserred  la 
ulliiw  the  *iiodC8l<»  Lip  ilplcmiiiied. 


SnbkiLigdom  Ecbikoiieiimata. 
CIbbb  Orinoidta. 
GeanaCvATBOCRisus,  Miller, 

In  liie  Uppor  CiWil  Mensiires  of  Poteau  moiinlfiiu,  Indian  Tcrrilnry 
wcrn  fiiuiid  a  grcsl  niuny  etcius  thai  seem  lo  belong  lu  Cgathoerinti*, 
but  HO  oilier  purts  wi-re  found,  to  make  tlie  iduiitificBtioii  more  ci^rlnin. 


I 


lus  EHiRocKtNrH,  McBk  BinI  WorthcH.  Eritoerinti*  {Ctriatrint*) 
{nJiMUt  GeinitK.  up.  Uj/atkecrinvt  infie-iua  Geioitz,  Oartwyiirma- 
tion  vnd  D]fn§  in  yrhraikn,  p.  62.  PottHotTinut  htmUplutriftu 
Shumard.  Trnm.  St.  Luuit  Jeail.  Sei..  I,  p.  SSI.  Staphioerinu* 
hanUphirrieug  Shumiird,  ftp.,  F.  B.  Heek,  U.  8.  Ocol.  Hvrttg 
Iftbratka,  p.  14T.  Erinnrrinn*  (Ctrtornnut)  infitiuM  Odnilz,  up.. 
C.  A,  White.  Txtelfth  Ai«:  Brjit.  HaydenU  U.  8.  Oeal.  Svrrty 
Wyoining  and  Idaho,  Part  i,  p,  138,  PI.  xxxiv.  Fig.  9, 

Tbis  spt'cies  whirl!  h  common  in  the  Coal  Measures  of  Nchi 
Uiali,  etc.,  WHS  found  in  iht  f  pppr  Coal  Mcaeunw  of  Poimu  niountatn," 
Indian  Terrilnrj-. 


'ima  HvBRKiKOfHrNUS,  Dc  Kuninck.  Ugdrtinocrinut  marrofpiiiotut 
McChesney,  sp.  XfafHuae  Niucro#pinMU»  McCbesney,  Detrr.  Xta 
Pal  Foti.,  ]).  10.  nydrtiiioeriniii  mueroipiiio$m  McChesney.  F.  B, 
Meek,  U.  S.  Geot.  .Surres  A'ebra»ka,  p.  149.» 


llic  Vpiier  Coiil  McHRurfc  of  Poteau 


Indian  Ter- 


lienns  Potehiockinvk,  Miller     PotfriocTtiiut,  sp.  indet. 

In  the  Upper  Coal  Measures  of  Potean  mountain,  Indian  Territory, 
were  found  mnnerotis  frinoid  stems  Ihflt  seem  to  belong  to  Poleriocrinna. 

Crinoidea,  genus  undetermined. 

[n  the  I-ower  Conl  Measures  of  While  county.  8  N.,  7  W„  section  33, 
.•■ontheast  ipiarler,  and  section  2G,  southeast  qnarter,  and  in  beds  of  the 
siiineugein  Pope  county,  Point  mountain  spur,  ION.,  20  W.,  sections, 
southeiisl  quarli-r  of  niirlhwesl  quarter,  wpre  fouud  numerous  crinoid 
sterns,  which  could  no!  be  identified  since  they  were  mostly  in  the  form 
of  moulds  or  ensls. 


cell  citvs  IhlK  tpedea  from  ,1 


but  gtvc 


9  locatllr.  or  autboritr  ta  U 
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Subkmgdom  Molluscoidea. 

Class  Bryozoa. 

Genus  Fenestella,  Lonsdale.  Fenestella  shumardi  Prout.,  Trans.  St. 
Louis  Ac.  8c,,  i,  p.  2S2 ;  F.  B.  Meek,  U.  S.  Geol.  Survey  Nebraska, 
p.  153,  PI.  vii,  Fig.  3. 

This  species  was  found  in  the  Upper  Coal  Measures  of  Poteau  mountain, 
Indian  Territory,  and  one  very  closely  resembling  it,  if  not  identical, 
was  found  in  the  Boone  Chert,  Lower  Carboniferous,  at  several  places^ 
in  northwestern  Arkansas. 

Genus  Rhombopora,  Meek.  Rhonibopora  lepidendr aides,  F.  B.  Meek, 
U.  S.  Oeol.  Survey  Nebraska,  p.  141,  PI.  vii.  Fig.  2 ;  C.  A.  White, 
U.  S.  Oeol,  Survey  W.  of  100th  Meridian,  iv,  p.  99,  PI.  vi,  Fig.  5. 

This  Bryozoan  is  common  and  characteristic  in  the  Upper  Coal 
Measures  of  Nebraska,  and  is  found  in  the  same  horizon  in  Utah  and 
Arizona,  and  was  also  found  in  the  Upper  Coal  Measures  of  Poteau 
mountain,  Indian  Territory.  The  same,  or  a  very  similar  species,  occurs 
in  the  Boone  Chert,  Lower  Carboniferous,  of  northern  Arkansas. 

Genus  Septopora,  Prout.  Sej)topora  biseriaUs  Swallow,  sp.  Synochi- 
dia  biseriaUs  Swallow,  Trans.  St.  Louis  Ac.  Sci.,  i,  p.  179  ;  F.  B. 
Meek,  V.  S.  Oeol.  Survey  Nebraska,  p.  156,  PI.  vii,  Fig.  5  ;  C.  \. 
White,  Survey  W.  of  100th  Meridian,  iv,  p.  107,  PI.  vii,  Fig.  3. 

This  species  is  common  in  the  Upper  Ct)al  Measures,  or  Permo-Car- 
boniferous,  of  Nebraska  and  Kansas,  and  in  the  true  Coal  Measures  of 
Illinois,  and  in  the  Upper  Carboniferous  of  Arizona.  It  has  also  been 
found  in  the  Chester  and  the  St.  Louis  Limestone,  Lower  Carbonif- 
erous, of  Illinois.  Waagen  ♦  says  tliat  the  true  genus  Synocladia  has 
not  been  found  in  America,  and  that  in  Europe  or  Asia  it  is  characteris- 
tic of  the  Permian.  He  refers  the  American  forms  to  tlie  genus  *9<7)- 
topora  of  Prout. 

Class  Brachiopodd. 

Genus  Orthis,  Dalman.  Orthis  pecosii  Marcou,  Geol.  North  Amer.,  p. 
48.  0.  carbonaria  Swallow,  Trans.  67.  Louis  Ac.  Sci.,  i,  p.  218. 
0.  carbonaria  Meek,  U.  S.  Geol.  Surrey  Nehr.,  p.  173.  0.  pecosii 
Marcou,  C.  A.  White,  U.  S.  Geol.  Surrey  W.  of  lOoth  Merid.,  iv,  p. 
125,  PI.  ix.  Fig.  5.  Orthis,  sp.  indet.,  Meek,  Pal.  CaL,  I  p.  10,  PI. 
ii.  Fig.  5,  a,  b,  c. 

A  single  specimen  was  found  in  the  Upper  Coal  Measures  of  Poteau 
mountain,  Indian  Territory  ;  it  agrees  best  with  Dr.  C.  A.  White's 
figures.  The  species  is  of  frequent  occurrence  in  the  Upper  Coal 
Measures  of  Iowa,  Nebraska,  Kansas,  Illinois,  Texas  and  in  the  Upper 

*Pal.  IndieOf  Salt  Range  Fossils,  I.  Productus  Limestone  Fossilf,  p.  S02. 


tind  in  the  Lower  Carbon il'crona  iifCili- 

A.   Wliite*    uicntiuriK  a  sraitll   Ontiis,   similar  in  tliia 

le  Kookuk  i)f  Iowa  and  Illinoi.''.    In  ilic  Booae  C'liMt, 

ferous,  of  northern  ArfcanstLs.   probably  Keoknk,   w«a 

,    small  Onhls  of  ttiis  type,  but  llic  proaorvatlon   van  not 

'O  «i»'>igli  ii)r  the  Identlflcaiiiin  to  be  certain. 

thincttnt.  Tfnupinoideii  Cox,  Oeol.  8arv.  Xentuttj/.  Vol.  iii,  p.  57(1,  PI. 
ix.  Fig.  1  T  C.  A,  While,    P:  S.  Oeog.   Sarvey  WM  nf  lOOlh   Um4.. 
Vol.  iii,  Ap|>cndix.  p.  23,  PI.  iii,  Fig.  8. 
•  Tills  type  of  OnLis  is  esfieotUnglj  rare  In  tUe  Carbnnifprou*.  Itdog 
■lh«i-  iliar»flBriBtic  of  the  Devoniftn,     0.  rttupinoOf*  iit  found  In  the 
ntiBtiriTf  of  Konlucky  and  the  I'ppi-rCiirlKiniferouB  of  New  Mricipn. 
..  A.  White  compnreg  the  (i|iecl<?8  t    Ortkit  ioiunti*  Hall,    O.  tut, 
Vnnuxem  uiid  0.  propinqna  Ilitll    f  ihv  Devonian. 
w  poorly  prosarrod  KixtclmonB  we    '  fonnd  in  While  conniy.  8  S(fl 
nion  OS,  soiithetMI  quarter,  enat     lalf,  In  Ihc  Lower  Coul  Hm 
10  in  Conwiiy  conniy,  8  N.,  17  W  ,  seetion  83,  northeast  4U1 
iieHEt  qiwnei'. 

KiinviA,  Waagen.     Dcrbffia  rra   i</  Mrck  and  Haydeo,      Orttfc^ 
er.MW   M.   and    JI  ,   /Vuc   At.    Xal.    Sri.    Phil..    1858,   p.  ««. 
Dircptorhynehtt*  crauut  M.  and  II.,  F.  B.  Heek,  U.  8.  Oeol.  A«n 
Xt-hratka.  p.  174.     Dtrbgi'i  tr<i»in  M.  and  H.,  Waagan,  *»/(  Rnaijr 
Fi'sm'h.  Brufhiopoitii.  \i.  592, 
TliiB  species  Ih  widely  distributed  in  tlie  Coal  Measures  of  Kansa.<i, 
Nebraska,  IIHdoIb,  Tcxuh,  cIc  and  was  found  in  the  Upper  Coal  3IesB- 
nres  of  Poleiiu   raonniain,   Indittn   Territory,  and   in   Ihe   Lower   Coal 
Measures  of  Conway  county,  Arkansas,  fi  N.,  16  W.,  section  29.  south- 
west quarter  of  southwest  quarter.     It  is  also  very  common  in  the  Lower 
Ciirlwnifercius  of  the  Mississipiii  valley. 

(icnus  PuoDiTTDs.  Sowerbj-.     Prodaclat  cora  d'Orbigny,  PaUoiit.    df 
VAmcr.  Merid..  1842,  p.  48.     P.  tora  d'Orbigny,  C.  A.  White,   Oeol 
Surcrg  /nrfi'iii«,  1883,  p. -120,  PI.  xxvi,  Fig.  1,  2,  3,  =  P.  pratlenianu* 
Norwood. 
This  spfcifs  is  almost  world-wide  in  its  distribution  in  the  Coal  Meas- 
ures, itnd  is  also  found  in  Ihe  Productus  Limestone  of  the  Salt  Range, 
India.    Wasgcn,  in  Pateontologia  Iiuliea,  Salt  Rangt  FottiU,  Braehio- 
jtoihi,  p.  U77,  says  that  the  true  ProHuetut  cora  is  probably  not  found  in 
Europe,  its  nearest  re  present  a  live  being  P.  ripiiTtut  Traotschold 

In  America  tbe  typical  species  is  very  common  in  both  Coal  Measnres 
and  Lower  Carboniferous.  It  was  found  in  tbe  former  horizon  on 
Potcau  mouuiiiin,  Indian  Territory,  and  in  tbe  latter  in  nDmertma 
plaees ;  FayctieviUe  abale,  ]>robHl>ly  Warsaw,  Independence  connty,  1 3 

•  U.  -S.  ftoj.  .•■■urpfii  H'.  itf  lOOIh  Merid.,  It,  p.  126. 
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N.,  6  W.,  section  13,  southeast  quarter  of  southeast  quarter,  near  Moorc- 
-field  ;  Marshall  shale,  probably  Warsaw  division,  Independence  county, 
12  N  .  6  W.,  section  12,  and  Stone  county.  Blue  mountain,  14  N.,  11 W.; 
Archimedes  Limestone,  probably  of  St.  Louis  age,  Independence  county, 
12  N.,  6  W.,  section  14. 

Marcy  (Expl  Bed  Riter  of  Louisiana,  p.  187)  cites  this  species  from 
Subcarboniferous  limestone  of  Washington  and  Crawford  counties,  but 
does  not  give  the  localities. 

I*roductu8  (Marginifera)  splendens  Norwood  and  Pratten.  Productus 
splendens  Norwood  and  Pratten,  Jou)'.  Acad.  Nat.  Sci.  Phil.,  1854, 
Vol.  iii,  p.  11,  PI  i.  Fig.  5.  P.  wahashensis  Norwood  and  Pratten. 
Jour.  Acad.  Nat.  Sci.  Phil.,  1804,  p.  18,  PI.  i.  Fig.  G.  P.  longisjnrius 
Meek  (non  Sowerby).  Final  Report  U.  S.  Geol.  Surrei/  Nebraska, 
p.  101.  Jfarginifera  splendens  N.  and  P.,  Waagon,  Pahrontologia 
Indica,  Salt  Range  Fossils,  P'odnctus  Limestone  Fossils,  Brachio- 
poda,  p.  714. 

This  typical  Upper  Coal  Measure  and  Permian  species  is  a  probable 
descendant  of  Productus  longispinus  Sowerby,  and  so  closely  are  these 
tvro  related,  that  for  many  years  they  were  considered  identical  But 
the  Marginifera  type  of  Productus  seems  to  be  confined  to  the  Upper 
Carboniferous  and  Permian,  while  P.  longispinus  Sow erhy  is  also  found 
in  the  Lower  Carboniferous.  The  Arkansas  specimens  agree  perfectly 
with  specimens  from  Indiana  and  Illinois.  This  sjiecies  is  very  common 
in  the  Coal  Measures  and  Permian  of  North  America,  and  probably 
occurs  also  in  Asia  A  very  similar  small  species  occurs  in  the  Lower 
Carboniferous  limestone,  Stone  county,  14  N.,  11  W.,  on  Blue  moun- 
tain, but  this  lacks  the  ventral  sinus,  and  has  fewer  spines,  and  there 
tore  probably  belongs  to  the  true  P.  longispinus  Sowerby. 

P.  (Marginifera)  splendens  N.  and  P.  was  found  in  the  Upper  Coal 
Measures  of  Sebastian  county,  Arkansas,  8  N..  32  W.,  section  12,  and 
on  Poteau  mountain,  Indian  Territory,  in  strata  that  are  either  of  upper- 
most Coal  Measure  or  of  LoAver  Permian  age. 

Productus punetatus  Martin.  Anomites  punctatus  Martin,  Petrif.  Dtrb., 
PI.  37,  Fig.  6.  Productus  punctatus  Martin,  Davidson,  Mon.  Brit. 
Carb.  Brachiopods,  p.  172. 

This  species  is  cosmopolitan  in  the  Coal  Measures  and  Lower  Carbon- 
iferous, although  more  common  in  the  latter  horizon.  It  is  very  sel- 
dom that  the  shell  is  so  preserved  that  the  internal  characteristics  can 
be  seen.  In  the  figured  specimen  the  ann  impressions,  adductor  muscle 
scars,  median  septum,  and  the  cardinal  process  are  all  perfectly  pre 
i*erved. 

The  dorsal  valve  is  somewhat  squarer  than  those  figured  by  Davidson 
{Man,  Brit.  Carb.  Brach.,  PI.  44,  Figs.  9-17),  but  the  internal  markings 
are  the  same  in  every  detail,  except  that  Davidson's  figure  makes  the 
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c(iriliD«l  process  h  little  longer.  The  iiiiernitl  characierlMic*  are  itniirr- 
(eclly  illUBlraled  by  McChoBlu-y  <  Tran».  Vhieago  Acitd.  Bti..  PI.  I.  V^^. 
10,  11). 

Otcarrenee, — Produetui  puiicUUitt  wun  found  lu  ^KAi  nninbor*  In  thi* 
uppur  piirt  of  the  Lower  ConI  Hansiircft  of  Conway  ('ounly,  S  N,.  IB  W., 
section  20,  on  the  unal  h»nk  of  Aiksniiafi  ri»er.  db-ini  one  mllo  briow  the 
Old  Lewisburg  ferry.  It  was  also  fcinud  in  the  I.nwcr  CarboDlferoiu  »i 
sevfral  plnceo  In  the  Slate. 
Prod'ietua  iemireticulaCa»  Miirtin,  sp,,  Pelrifaela  DerbUntia,  j>,  7. 

This  well-known  cosmopolitun  species  was  found  In  Ihv  Barren  or 
Lower  CohI  Heaaares  in  White  eounty.  8  X.,  T  W..  sottiou  S3,  suulh- 
nnst  qiinricr,  and  in  sncliim  20,  soiilhPii«t  ijuitrti-r.  It  wm  iilsn  found  in 
thP  Lower  Carboniferous.  In  llic  Fny':itevillo  eLule,  piHibdhly  Warmw. 
in  8e«iri:j  w>uuly,  16  N„  17  W.,  setiitin  1,  s»ii[hwest  qimrterof  souili- 
west  qitikrter;  in  the  Boone  Chert,  upper  Burlington  or  lower  Keaknk, 
in  Searty  counly,  17  N  ,  18  W  .  soetion  38,  and  at  various  oiher  placmi 
in  northern  Arkiinsasi  In  the  Slarsluill  simlc,  jirohnbly  Warsaw,  in 
Stone  couuly,  on  Blu<'  uioiintHln.  14  N.,  H  \V.,  south  a\'  Mouniain 
View. 

UODUn  Kby^CHoNblla,  Fischer  de  VVaidheiui.  Bhgmkonrlta  uta  Mar- 
cmi.  Ttirihratula  tUit  Marcou,  Qeol.  of  X.  Amer..  p.  36.  Rhgnth-i- 
nAla  oiageiitif  Swallow,  Trans.  St.  L.  At.  Set..  ISSS.  p.  iVI.     £Ay»- 

f'ioi,M,  "»»srr/(»f-,   F.  B.  Mefk,   V.  S.  Gtal.  S'lrr.  AW.rrMfoi.  p.   \'\». 

Rhynchouella  ata  Marcou,  C.  A.  White,  U.  S.  Oeol.  Ej-pl.  W.  of  irmh 

-tfrirf.,  iv,  p.  128. 
This  elwract eristic  Coal  Measure  species,  found  in  Kansas,  Xebniska, 
Iowa,  Missouri,  Illinois,  Te.\as  and  South  America  (?),  was  found  in  the 
Upper  Coal  Measures  of  Sebastian  counly,  8  N.,  Hi  W..  seeiion  12 ;  also 
in  ihe  same  iioriiion  on  tUe  Poteau  ninuntnin,  Indian  Territory. 
Rhgnehondla,  sp.  indet. 

In  the  Lower  Coal  Measures  of  While  eouniy.  8  N.,  7  W  ,  section  St, 
southeast  ipiarter,  and  of  Crawford  county,  10  N..  30  W..  seclion  10, 
soHlheast  (juurtcr  of  norlhwesi  quarter,  were  found  several  Rhyncho- 
nelliis  that  could  not  be  specilleally  determined. 

Genus  Tekkbhatui-a  Lhwyd.      J'ercbr.ifiUt  haatiita  Sowerby,  Mintral 

Coiifkology,   Vol.   v,    p.   44B.     I'trcbriilulii  botidem   Morton,     Aiu. 

Jourii.  Se.,  Vol.  xxix,  p.   15U.     I'rrrbratuUi  bondent,  F.    B.   Meek. 

r.  S.  Otol.  Sfirc   Sebratka.  (>.  187,  PI   i.  Fig,  7. 

Meek  (ior.  (■!(.)  s]K!aks  of  the  strong  reseinblanee  of   T.bovidtntXo   T. 

elaiigata  Sclilotheim,  sp.,and  T.  hiitUitii  Sowerby,  sp..  but  is  strongly 

inclined  to  believe  in  the  specific  dill'erenee.    Davidson  {Monograph  Brit. 

Carb.  Brar.k.,  Appendix,  p.  220)  is  inclined  to  unite  T.  elongata,  T.  Hat- 

lata  and   T.  tafflat-i.     If  Dielatma  botiHtnt  is  really  identical  with   T. 
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Jiastata,  it  is  an  example  of  one  species  ranging  from  the  Devonian  up 
into  the  Permian.  This  species  ranges  through  the  Coal  Measures  in 
Nebraska,  Kansas,  Illinois,  Texas,  New  Mexico,  etc.  It  is  very  com- 
mon in  the  Upper  Coal  Measures  of  Poteau  mountain,  Indian  Territory, 
and  was  also  found  in  the  Fayetteville  shale,  Lower  Carboniferous,  prob- 
ably Warsaw,  of  Independence  county,  13  N.,  6  W.,  section  13,  southeast 
-corner,  near  Moorefield  ;  also  in  the  Lower  Coal  Measures  of  Conway 
county,  8  N.,  17  W.,  section  33,  northeast  quarter  of  northeast  quarter. 

<3renus  Athyris,  McCoy.  Athyris  suhtilita  Hall.  Terebratula  subtilita 
Hall,  Stansbury^s  Expl.  Gt.  Salt  Lake,  p.  409.  Athyris  subtilita  Hall, 
sp.,  F.  B.  Meek,  U.  8.  Oeol.  Surv,  Nebraska,  p,  180,  PI.  i,  Fig.  12, 
PI.  viii,  Fig.  4. 

This  species  is  found  nearly  all  over  the  world  in  the  Coal  Measures. 
It  is  also  found  in  various  places  in  the  Lower  Carboniferous,  as  in  Eng- 
land and  India 

It  was  found  to  occur  frequently  in  the  Upper  Coal  Measures  of  Se- 
bastian county,  8  N.,  32  W.,  section  12,  and  of  Poteau  mountain,  Indian 
Territory  ;  in  the  Boone  Chert,  Burlington  or  lower  Keokuk,  of  Stone 
county,  14  N.,  10  W.,  section  9,  northwest  quarter. 

Marcy  {Expl.  Red  River  of  Louisiana,  p.  189)  cites  Athyris  subtilita 
from  the  Subcarboniferous  limestone  of  Washington  county. 

Oenus  Retzia,  King.  Retzia  radialis  Phillips.  Terrebratula  mormonii 
Marcou,  Oeol.  N,  Amer.,  p.  51,  PI.  vi.  Fig.  1.  Retzia  punctilifera 
Shumard,  Trans.  St.  Louis  Ac.  Sci,,  i,  p.  220.  Retzia  subglobosa 
McChesney,  New  Pal.  Foss.,  p.  45,  PI.  i.  Fig.  1.  Retzia  compressd 
Meek,  Pal.  Calif.,  i,  p  14,  PI.  ii.  Fig.  7. 

R.  radialis  is  common  in  the  Western  Coal  Measures  and  Lower  Car- 
boniferous ;  it  was  found  in  great  numbers  in  the  Upper  Coal  Measures 
of  Sebastian  county,  8  N.,  32  W.,  section  12,  and  of  Poteau  mountain, 
Indian  Territory. 

Oenus  Spirifbr,  Sowerby.  Spirifer  cameratus  Morton,  Am.  Journ.  8c. , 
Vol.  xxix,  p.  150.  Spirifer  meusibachianus  Roemer,  Kreidebildung 
von  Texas,  p.  88.  Spirifer  triplicatus  Hall,  Stansbury's  Expl.  Gt. 
Salt  Lake,  p.  410.  Spirifer  cameratus  Morton,  C.  A.  White,  U.  S. 
Expl.  W.  of  100th  Merid,,  iv,  p.  132,  PI.  x,  Fig.  1. 

This  species  is  distributed  throughout  the  Coal  Measures  from  Penn- 
sylvania and  West  Virginia  to  Arizona  ;  it  is  also  found  in  the  Permo- 
Carboniferous  of  Kansas ;  ♦  Meek,  in  Oeol.  Expl.  40  Parallel,  iv,  p.  8, 
cites  the  species  from  the  Upper  Carboniferous  of  the  White  Pine 
Mining  district  of  Nevada.  It  was  found  in  great  numbers  in  the 
Upper  Coal  Measures  of  Sebastian  county,  8  N.,  32  W.,  section  12,  and 
of  Poteau  mountain,  Indian  Territory  ;  also  in  the  Lower  Coal  Measures 

•  F.  B.  Meek,  17.  &  Oeol.  Swrv.  Ndmuta,  p.  184. 
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of  Coiiwiiy  couMly,  «  N.,  1(1  W.,  secllon  21),  soitiliwi-^i  iiimrlcr  cil'soulh- 
weet  qiinrti^r. 

^r\ftr  Totkymontanut  Murcou.  Ofol.  of  N.  Amir.,  p.  SO,  PI.  vil,  Fig.  L 
Spiiifrr  opiirut  Hull,  GmI.  Surf/.  laira.  Vol.  i.  Part  a,  p.  711.  Spir- 
iftT  Kibtriitricom  McCliesney,  Dtte.  S^ew  Pal.  Fiu»..  p.  «.  Splrtfer 
rafkymontaniii  Mnrcoti,  C.  A.  While,  C  S.  G.  ErpL  IF.  of  lOOH 
MtTid..  \y._  p.  184,  PI.  li,  Kip.  9. 
8.  roekgmoHtanut  occurR  in  tlic  Upper  Ciirlioiiiferous  friiiu  PcnDsilrs- 
nia  to  New  Mexico. 

It  WM  Ibnnil  in  the  Lower  Coal  Measures  of  While  county,  8  S,, 
7  W.,  section  33,  southeABt  quarter,  in  the  form  of  well-preserved  casU, 
also  in  section  26,  on  Bee  Roclt;  also  in  the  i»me  liomao,  Cruwfori 
county,  13  N..  30  W.,  sectioa  IT.  These  specimens  agree  with  Dr. 
Wliito's  flguren  and  deacriplions  ao  well  that  no  thrtUer  dwcriplion  a 

Qenos  Bpibifbrika.  d'Orbigny.  Spiriferina  nitUita  Selilotliulm.  Ter- 
ebratuliln*  eriHntvt  Scblotheim,  BtUragt  .Viif.  YrrKt,  Mumthfut, 
PI,  i,  Pig.  S,  spiriferina  ktalaettiitii  Bhuiuard,  Grol.  Hurt.  Mi*- 
fouri.  18G8,  p.  203.  Spirtfrr  fictnpUftttu*  Hull,  Slaniburp't  Sxpl.  (II. 
Salt  Lakt,  p.  «»,  PI,  li.  Fig.  4.  Spiryfrr  laminotiu  Ueinitx.  Car- 
banfarmatian  tind  Dj/at  in  Srbranka,  p.  46,  PI.  lil.  Fig.  11.  Sjitr- 
iferiiia  ttenlurkennn  Sbumard,  sp.,  F.  B.  Meek,  t'.  S.  Otol.  .9mtt. 
Nebraska,  p.  18B.  PI.  vi.  Fig.  3.  PI.  AJii,  Fig.  11- 

Dr.  C.  A.  While,  in  (".  5.  Geog.  Ejrpl.  W.  of  lOOlh  Merid..  iv.  p.  140, 
eganls  >'<,  ottopHcatua  Hall  and  S.  keiiluckeii»i»  Shiimard  as  dislinct 
Bpecii's.  C.  I).  Wiilcon,  Pal.  Eur-'kii  Dklrict.  p.  318,  regards  them  both. 
as  well  as  S.  ipi/iotit  Norwood  and  Protlen,  as  synonyms  of  5.  rrittata 
Schlolheim.  sp.  If  Ibis  refcrenci-  is  correct,  then  the  species  ranges 
from  the  Upper  Devonian  of  the  While  Pine  Mining  district  into  the 
Upper  Carboniferous  of  the  Eureka  districl. 

Davidson  (Monogriiph  Brit.  Cnrh.  Brack.,  p.  8(17)  regards  Spir{ftrina 
oetopHrata  Sowcrby,  sp..  as  synonymous  wiib  S.  eriniata  Bchloiheim,  sp., 
which  ranges  from  Ihc  Carboniferous  into  the  Permian.  Taken  in  Ihese 
broader  limilations,  the  speeies  ranges  fnim  the  Devonian,  through  Ihe 
Lower  Carlxinifenius  of  Ihe  Wcsl,  nud  Ihrough  tiic  entire  Coal  Meas- 
ures from  Kentucky  to  Nevada. 

Hall  {Gtol.  Surrey  lojea.  Vol.  i.  Pari  ii,  p.  706,  PI.  xxvii.  Fig.  5)  de- 
scribes iind  flgures  Spiriferina  tpiiiomi  X.  and  P.  from  Ihc  Kaekaskia 
irroup  of  Iowa.  He  stales  that  S.  tpiuoim  differs  from  5.  ktntuckrntit  in 
being  more  rohusl  and  in  possessing  the  tubular  spines. 

But  specimens  of  S.  ktnlueketmit  from  Ihc  Upper  Coal  Measures  of 
Arkansas  arc  equally  robust  and  possess  the  spines  that  are  thought  to 
be  characteristic  of  S.  npinota. 

A  comparison  of  specimens  from  the  Upper  Coal  Measures  of  Sebaa- 
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tian  county,  8  N.,  32  W.,  section  12,  shows  the  perfect  resemblance 
between  the  two  so-called  species.  There  are  five  distinct  but  rather 
rounded  plications  on  each  side  of  the  mesial  fold  and  sinus,  but  no 
concentric  striations  or  lamellse  were  observed.  The  entire  surface  is 
thickly  covered  with  short  spines,  which  seem  to  be  unusually  well 
preserved. 

This  species  was  found  in  the  Lower  Coal  Measures  of  Conway  county, 
6  N.,  16  W.,  section  29,  southwest  quarter  of  southwest  quarter,  and  in 
the  Upper  Coal  Measures  at  the  locality  mentioned  in  Sebastian  county; 
also  on  Poteau  mountain,  Indian  Territory  ;  in  the  Lower  Carbonifer- 
ous, Boone  Chert,  upper  Burlington  or  lower  Keokuk,  at  St.  Joe,  in 
Searcy  county. 

Subkingdom  Mollusca. 

Class  Lamellibranchiata. 

Genus  Aviculopecten,  McCoy.  Aviculopecten  carbo?i\ferus  Stevens, 
Amer.  Journ.  8c. ,  Vol.  xxv,  p.  261. 

Two  imperfect  specimens  from  the  Lower  Coal  Measures,  White 
county,  8  N.,  7  W.,  section  26,  southeast  quarter,  agree  fairly  well  with 
the  figures  and  descriptions  of  this  species.  Another  specimen  was 
found  in  the  Lower  Coal  Measures  of  Conway  county,  5  N.,  16  W.,  sec- 
tion 17,  northwest  quarter. 

Aviculopecten  coxanus  Meek  and  Worthen,  Proc.  Acad.  Nat.  Sc.  Phil, 
1860,  p.  453 ;  Geol.  Surt.  Hi.,  ii,  p.  326,  PI.  xxvi,  Fig.  6  ;  F.  B.  Meek, 
U.  8.  Geol.  8urv.  Nebraska,  p.  196,  PI-  ix.  Fig.  2. 

This  species  is  found  in  the  Upper  Coal  Measures  of  Illinois  and  Ne- 
braska, and  was  also  found  in  the  same  horizon  on  Poteau  mountain, 
Indian  Territory. 

Aviculopecten  germanus  Miller  and  Faber,  Journ.  Cin.  Soc.  Nat.  Hist., 
July,  1892,  p.  79. 

This  species  was  described  from  the  Coal  Measures  of  Elkhorn  creek, 
Kentucky,  and  was  compared  by  the  authors  to  A.  rectilaterarius  Cox 
sp.,  Oeol  8urv.  Kentucky,  iii,  p.  571,  PI.  ix.  Fig.  2,  but  it  resembles 
more  closely  A.  edwardsi  Worthen,  Bull.  2  State  Mus.  Nat.  Hist,  of  111., 
p.  22  ;  both  species  were  founded  on  left  valves,  the  right  being  un- 
known. They  are  both  very  similar  to  A.  segregatus  McCoy,  British 
Pal.  Fossils,  p.  489,  PI.  iii,  E,  Fig.  1,  of  the  Carboniferous  limestone  of 
Northumberland,  although  the  latter  has  from  two  to  three  secondarv 
intermediate  ribs,  instead  of  one. 

A  single  small  left  valve  was  found  in  the  Upper  Coal  Measures  of 
Poteau  mountain,  Indian  Territory.  It  agrees  in  the  main  points  with 
Miller  and  Faber's  description,  except  that  the  intermediate  rib  is  some- 
times obsolete,  and  distinct  concentric  lines  of  growth  are  seen  on  the 
shell. 


The  benk  in  sbarp,  and  projects  beyond  tlici  cardionl  marf^ln  -.  tlic  rite 
number  iiboul  twelve,  nitd  an'  mllier  roarser  lUiiii  ihoseBhown  in  MUlt-r 
ami  Fabcr's  figures. 

Arii-.tilopeeUn  oeeidentali*  Shuniftrd,  Oeol  Sam-)/  JfwBnuri,  1853.  Purl 
ii.  p.  207,  PI.  C.  Fig.  IS, 
This  species  is  verj-  common  in  the  Coal  Measures  from  PeuoBy  Ivanto 
lo  Ariiona  ;  in  Arkansas  il  wa,s  found  in  liio  Lower  Coal  Ue&snreB  of 
Crniwuy  tounly,  6  N..  16  Vf.,  setlion  J7,  iiorthwMt  qusrt<jr ;  about  Tobt 
miles  sDulbeast  of  Morrillton.  and  6  N..  lit  VV.,  section  Za,  (m»t  bank  of 
Arkansas  river,  about  one  mile  below  the  Old  Lewisburg  ferry,  in  Ih* 
Lower  Coal  Measures. 

GenuB  LiHA.     Lima  renftra  Sbninnrd.     Lima  rflifera  Skuniard.  Trant. 

at.  Lout*  Ae.  Sc,  i,  p,  214.      CrenipffUn  reliferut  Shiunard,  sp.,  S. 

A.  Miller.  iV.  AmtT.  Oeol.  and  Pal.,  1889,  p.  473. 

lAma  rtlifera  is  eharacteristic  of  the  Coal   Measures  in  Eanens,  HH 

noia,  Nebraska.   Texns,   etc.,  and   was  also  foand   in  tlie  Upper  Coal 

Measures  of  Potpau  Mountain.  Indian  Territory. 

Oeaos  MACRODon.  Lycetl.  Macrodcn  carhonariut  C"«,  sp.  Atta  far- 
bonaHa  Cox,  OmI.  8vi^.  Ktntueky,  iil,  p.  GIS7,  PI.  viil,  Fig.  IS.  Ma- 
erodon  eurbwMriut  Cos  ep.,  F.  B.  Meek,  Pal.  Ohio,  11,  p.  S34. 

This  species  reseniblea  so  closely  if.  obtolttiif  Mcrk.  /W.  Oliic  ii, 
p.  334.  PI.  siK,  Fig.  9,  UN  to  raise  donbls  as  to  their  being  different 
species.  They  are  bolh  found  in  the  Coal  Measures,  in  the  upper  part 
of  which  several  apecimens  of  M.  fnrbonuriut  were  found  on  Poteau 
mountain,  Indian  Territory.  This  species  was  also  found  In  (he  Lower 
Coal  Measures  of  Conway  connty.  Ark.,  5  N.,  18.  W.,  section  17,  north 

Maerodon  obaoletaa  Meek,  Bil.  Ohio,  ii,  p.  a'M,  PI.  xix.  Fig.  3. 

This  species,  which  is  found  in  the  Coal  Measures  of  West  Virginia 
and  Ohio,  also  occurs  in  Ibe  Upper  Coal  Measures  of  Sebastian  couoty. 
«  N.,  32  W.,  seclion  12,  and  on  Poteau  mountain,  Indian  Territory. 

MiuroAon  tenuiatriatat'Slvv)!.  and  Worlben,  Proc.  Chieago  Ae.  Sc.,  i,  p.  17. 

Area  striata  Geinitz,   Carb.  «.   Dyus  in  Nebraska,  p.  20,  PI,  i.  Fig. 

32.     Maerodon  tettJiUtrMiu  M.  and  W.,   F.  B.  Meek.    U.   8.    Gecl. 

Surr.  A'ebralka.  p.  207,  PI.  x.  Fig.  20. 
This  is  a  characteristic  Upper  Coal   Measure  species,  being  found  in 
that  horizon  in  Nebraska,   Illinois  and  Iowa  ;  it  is  quite  common  in  the 
Upper  Coal  Measures  of  Poieau  mounlain,  Indian  Territory. 

Matrodon  sp. 
In  the  Upper  Coal  Measures  of  Crawford  county.  10  N.,  80  W..  seo- 
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t ion  10,  southeast  quarter  of  northwest  quarter,  were  found  specimens 
of  Maerodon  too  poorly  preserved  to  be  identified  with  any  species. 

Genus  Nucula,  Lamarck.  Nucula  parva  McChesney,  Proc.  Chicago 
Ac.  8c  ,  i,  p.  39,  PI.  ii,  Fig.  8.  Nucula  parva  McChesney,  Meek 
and  Wort  hen,  Geol.  Sure.  Illinois,  v,  p.  589. 

This  diminutive  Nucula,  which  is  found  in  the  Coal  Measures  of  Illi- 
nois, was  found  in  the  form  of  casts  in  ferruginous  shale  of  the  Lower 
Coal  Measures  of  Conway  county,  5  N.,  16  W.,  section  17,  centre  of  the 
north  half,  and  in  similar  strata  of  the  Upper  Coal  Measures  in  Craw- 
ford county,  10  N.,  30  W.,  section  10,  northw^est  quarter. 

Nucula  ventricosa  Hall,  Geol.  Survey  Iowa,  Vol.  i,  Part  ii,  p.  716,  PI.  29, 
Figs.  4  and  5. 

This  species  is  common  in  both  Lower  and  Upper  Coal  Measures  from 
Pennsylvania  to  Texas.  In  Arkansas  it  was  found  in  the  Lower  Coal 
Measures  in  Conway  county,  5  N.,  16  W.,  section  17,  northwest  quarter, 
about  four  miles  southeast  of  Morrillton. 

Genus  Nuculana,  Link.    Nuculaiia  aff.  bellistriata  Stevens. 

This  specimen,  found  in  the  form  of  a  mould,  showing  very  distinctly 
the  hinge  teeth  and  the  surface  markings,  resembles  in  general  form 
Nuculana  bellistriata  Stevens,  Am.  Joum.  Sc,  1858,  Vol.  xxv,  p.  261,  but 
differs. from  it  in  having  the  concentric  ribs  much  coarser  and  less 
numerous. 

Locality,  Scott  county,  1  N.,  28  W.,  section  4,  southeast  quarter  of 
southeast  quarter,  in  the  Upper  Coal  Measures. 

Genus  Schizodus,  King.  Schizodus  cuneatus  Meek,  PI.  xxii.  Fig.  3. 
Schizodus  cuneatus  Meek,  Pal.   Ohio,  Vol.  ii,  p.  330,  PI.  xx.  Fig.  7. 

An  internal  cast  from  the  Upper  Coal  Measures  of  Crawford  county, 
10  N.,  30  W.,  section  10,  southeast  quarter  of  northwest  quarter,  agrees 
in  shape  with  the  species  described  by  Meek  from  the  Lower  Coal 
Measures  of  Ohio.  The  strongly  elevated  beak  without  any  backward 
curve  is  very  characteristic.  It  being  an  internal  cast,  the  obscure  lines 
of  growth  seen  on  the  specimens  from  Ohio  do  not  show,  but  the  muscle 
scar  is  distinct,  and  indications  of  the  hinge  teeth  can  also  be  seen.  In 
Paleontology  of  Ohio,  Vol,  ii,  p.  337,  Meek  mentions  a  similar  Schizodus 
from  the  Upper  Coal  Measures  of  Nebraska,  but  thinks  it  is  probably  a 
distinct  species,  on  account  of  the  small  size,  more  nearly  central  beaks 
and  more  prominent  central  and  anterior  margins.  The  specimen  from 
Arkansas  really  agrees  better  with  this  description  than  it  does  with  the 
undoubted  Schizodus  cuneatus,  but  the  Nebraska  specimen  was  never 
figured  and  named.  Schizodus  cuneatus  was  also  found  in  the  Lower 
Coal  Measures  of  Conway  county.  8  N.,  17  W..  section  33,  northeast 
quarter  of  northeast  quarter. 


■i  Swallow,  PI.  ixii.  Fig.  4.     Oy<prieard(a  (/)  ^kttUri 

_.i     ,   j.an».  8t.   Louis  Aead.  Set.,  Vol.  i,   p.  M.     SeMtoflvi 

K-n*<;,       Swallow,   F.   B.   Meek,    Ftnal   Brpt.    U.   8.    OmI    Surreji 

NtbTOiira.  p.  209. 

This  apecirs  is  very  common  id  the  Coal  STcanurea  fmm  ppniiBylTBuin 

to  New  Mexico,  in  both  Upper  ttnd  Lower  Coal  Measures.     Il  ban  hppii 

figured  and  desi^ribcd  ao  otlen  thiit  uothiog  new  can  be  added,    Oa* 

Bpecimcns  agree  besl  with  those  I'rom  Iowa,  described  by  F.  B,  Mrrk. 

Final  Ri>porf  of  tht  U.  8.   Otologieal  Surtey  A'efrraiitti,  p.  aOO,  PI.  i, 

Fig.  1.  e. 

OteaTTeact. — Several  Kpecimoni,  both  rig  it  and  left  valves,  wen?  found 
in  the  Ijower  Coal  Measures  of  Conwny  county,  8  N.,  17  W.,  secUon  33. 
northeast  quarter  of  northeast  quarter,  at  Cooh's  stoDC  quarry,  nf«t 
HattievUle.  Tbk  horizon  is  in  the  so-called  UilUtone  Urit,  and  near 
'he  middle  of  the  Lower  Coal  Measures.  AH  the  fossils  in  these  stntla 
trc  preeerved  in  Ihe  form  of  casts. 

SeAaodui  conf.  antplut  Meek  and  ■Worlhen,  Proc,  Ai:.  Nat.  /W.  Pha.. 
1870.  p.  41  :  Geol.  Sarrey  tllinoit.  Vol.  v.  p.  071).  PI.  luvu.  Fig,  H. 
This  large  Sckizodui  is  found  in  The  Cool  Measures  of  Penniiylt-ania 
and  Illinois,  and  an  imperfect  specimen,  probably  belonging1othes«uie 
apeciea,  was  found  in  the  Lower  Coal  Measures  of  While  C€>unty,  8  N.. 
7  W.,  section  33.  east  half  of  Ihe  HOHlhpB«l  quarter,  in  ferruginous  sand- 
stone, on  the  road  from  Searcy  to  Grtffln  Springs. 

Genus  AsTARTELLi,  Hall.     Altartdla  newberryi  Meek,  Pal.  Ohio,  ii.  p. 
340.  PI.  xix.  Fig.  1. 

This  characteristic  species  is  common  in  the  Upper  Coal  Measures  of 
Potcau  mountain,  Indian  Territory,  and  in  the  Lower  Coal   Measures 
of  Conway  county,  Arkansas,  8  N.,  17  W.,  section  33,  northeast  qtiarier 
of  northeast  quarter. 
AiioTtella  tcra  Hall,  Geol  Survey  loita,  \.  Part  Ii,  p.  715,  PI.  xxii,  Fig.  1. 

This  species  occurs  in  the  Coal  Measures  of  Iowa,  Indiana.  Illinois 
and  Pennsylvania,  and  was  found  in  the  upper  division  of  the  same 
series  on  Potean  mountain,  Indian  Territory. 

Genus  Pi.eubopkorub,  King.    Pleuropfiorua  oblongui  Meek,  F.  S.  Otol. 
Sarv.  Xebriifka.  p.  212,  PI.  x.  Fig.  4. 
This   was   described   by   Meek    from   the   Upper   Coal    Measures  of 
Nebraska,  and   was  found  in  the   Lower   Coal   Measures  of  Conwaj 
county,  5  N..  16  W. ,  section  IT.  centre  of  the  north  hal  f. 

Ptearophorui.  sp-,  C.  A.  'White,  Bull  77  U.  S.  Oeol.  Survey,  p  27,  Pl.lv, 
Figs.  5-10. 
This  llfiirop/iori's  was  described  and  figured  but  not  named  by  Dr. 
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C.  A.  White  (loc.  cit.),  from  the  Permian  of  Texas.  No  analogous  form 
was  found  in  the  true  Coal  Measures  of  Texas,  which  is  not  at  all  sur- 
prising, since  their  fauna  is  so  little  known.  In  the  Upper  Carboniferous* 
beds  of  Scott  county,  Arkansas,  1  N.,  28  "W.,  section  4,  northeast  quarter 
of  southeast  quarter,  was  found  a  single  specimen  that  agrees  perfectly 
"with  the  Pfeurophorua  of  Dr.  White.  It  is  nothing  unusual  to  find  a 
Permian  species  in  the  Carboniferous,  but  the  identification  is  uncertain, 
owing  to  the  poor  preservation  of  Dr.  White's  original  and  of  the 
Arkansas  specimen. 

Genus  Conocardium  Bronn.  Conocardiuin  aliforme  Sowerby,  sp.,  PI. 
xxii.  Figs.  1  and  2.  Cardium  aliforrne  Sowerby,  Min.  Conch.,  Vol. 
vi,  p.  100,  Table  552,  Fig.  2.  Conocardium  aliforme  Sowerby,  sp.. 
Bronn,  Leth.  Oeogn.,  i,  p.  420,  PI.  iii,  Fig.  9.  Pleurorhynchus  mi- 
nax  Phillips,  Geol  of  Yorkshire,  p.  210,  PI.  v,  Fig.  27. 

This  genus  is  rare  in  the  American  Carboniferous,  and  especially  so 
in  the  Coal  Measures,  being  represented  there  by  only  two  other  species, 
C.  obliquum  Meek  and  Worthen,  Geol.  Surv.  Illinois,  Vol.  vi,  p.  529,  and 
C.  parri>Aj  Worthen,  Geol.  Suro.  Illinois,  Vol.  viii,  p.  112.  The  former 
is  more  nearly  related  to  C.  aliforme,  but  diflfers  from  it  in  its  much 
smaller  size,  greater  obliquity  of  the  shell,  and  shorter  hinge  line.  The 
surface  of  C.  oliquum  is  marked  by  narrow  radiating  ribs,  while  those  of 
C.  aliforme  are  wider  than  the  depressions  between  them. 

The  intennediate  spaces  are  occupied  by  a  secondary  rib  only  on  the 
rounded  anterior  side  of  C.  aliforme,  while  the  same  thing  occurs  even 
on  the  posterior  side  of  C.  obliquum.  C.  aliforme  also  has  the  hinge 
line  longer,  and  the  space  between  the  incurved  beaks  wider  ;  also  the 
ribs  on  the  anterior  cordate  space  are  much  finer,  and  this  area  is 
bounded  by  a  rather  distinct  carina,  being  slightly  concave  near  the 
rounded  border,  and  rising  toward  the  anterior  rostrum,  which  is  pre- 
served on  some  of  our  specimens.  The  shell  has  its  greatest  convexit}' 
at  the  anterior  end,  where  the  broad  carina  cuts  off  the  cordate  area. 
Behind  this  is  a  distinct  furrow,  which  shades  oflfinto  the  posterior  com- 
pression of  the  shell,  and  dies  out  in  a  gentle  curve  toward  the  rounded 
gaping  margin.  *rhe  ribs  are  broader  and  the  concentric  growth  lines 
more  distinct  towards  the  posterior  end.  The  concentric  lines  are  not 
visible  on  the  cordate  area.  The  posterior  portion  of  the  shell,  next  to 
the  hinge  line,  is  not  ribbed,  but  marked  with  fine,  radial  lines. 

Goldfuss,  in  Petrifacta  Germaniee,  Part  ii,  p.  208,  PI.  cxlii,  Fig.  1. 
describes  and  figures  Conocardium  aliforme,  but  according  to  McCoyf 
he  has  confVised  two  species,  one  of  which  is  a  Devonian  species  from 
the  Eifel.  The  true  C.  aliforme  is  that  described  by  Phillips,  Geol.  of 
Yorkshire,  Vol.  ii,  p.  210,  PI.  v,  Fig.  2,  as  Pleurorhynchus  minax,  of  the 
Carboniferous  Limestone,  and  by  Goldfuss,  PI.  cxlii,  Fig.  1,  e,  f,  h,  i,  I, 

•  By  the  stratigraphy  these  beds  are  Barren  Coal  Measures,  but  the  fossils  sh  ow  close 
relations  to  the  Tipper  Coal  Measures. 
^BrUUh  Palmozoie  fbssiU,  p.  517. 


[Ott-t 

ll  ithers  uoder  Fig.  1  belon^ng  to  itae  Devonian  8|>«ctM. 

'^  «-  J  proposes  should  retain  the  name  C.  hytUriewm  Scblot- 

■-uiiiips*  proposed  to  IraiiBfer  the  Dame  C.  alifitrm*  to  Uic  Dovi>- 
«.  but  the  type  originally  described  by  Sowrnrhy  under  th»l 

namn  .=  u.     lubtedly  Ihe  Carbon iferous  species. 

This  species  is  found  all  over  Europe,  in  tiie  Carboniferous,  chiffly 
HountKin  Liniestoae.  but  owing  1o  the  conAision  thni  exists  on  thr  Con- 
tinent one  cannot  usually  lell  wliether  lliis  meanii  Upper  or  Lower  C«T' 
boniferoUB  or  both. 

Nine  specimens  were  found  in  the  Lower  Coal  Heiisures  of  Cnnway 
county,  B  N.,  IB  W.,  seclioa  17,  eentr-  "f  the  north  half.  They  were 
found  in  n  fcrniginouB  slialc,  nnd  all  igh  in  tiie  form  of  c«8ts  iliey 
show  Ibc  sculpture  of  the  surface  with  asun)  clearneBs,  even  the  dcU- 
cate,  wavy  growth  lines  being  as  sh:  ly  defined  as  on  the  original 
shell.  The  specimens  all  bad  a  Icnj  of  more  than  one  inch,  the 
dimen&lonH  of  the  largest  being  :  length,  1.30  lacli ;  diameter,  0.88  inch  ; 
width  of  the  cordate  areH,  O.OS  iucll, 

GcDUB  EuMiiNDiA  de  Koniuck.     Edm       in  n»hra»ntt»i$  Qeimiz.  VLotk,- 
U.  a.  Gfol.  Suney  mbroika.  p.  3        PI.  K,  Fig.  8,     AMarU  hA 
e^ntit  GelnitE,  Carbon,  und  Dya»  %n  Jfebriuka,  p.  10,  PI.  I,  Pig. 

A  few  poorly  preserved  speeimens  from  the  Upper  Coal  HtmBoras 
Potcuii  mountain,  Indian  Territory,  seem  to  belong  to  Mnek's  Nebraal 

Edmondiii  uiiio)tiforini*  Phillips.  Geol.  rortdAiVc.  Vol.  ii,  p.  309.    Edmon- 
din  uiiionifoTinU  (?)  Meek  and  Worthen.  PaUoiit.  IlUnoU.  Vol.  ii,  p. 
:M6.  pi.  x.\vli.  Fig.  6. 
An  imperfect  cast   from  the  Upper   Coal   Measures  of   Illinois   was 

doubtfully  referred  by  Meek  and  Worthen  to  the  European  species. 

The  Arkansas  specimens  agree  fairly  well  with  Meek's  figures  and  much 

better  with  bis  descdptionf,  except  that  they  have  the  concentric  ribs 

Oi"«urrtii<e.^Numerous  casts  were  found  in  the  Lower  Coal  Measures. 
"Millslono  Grit,"  of  Conway  county,  8  N.,  IT  W.,  section  33,  northeast 

quarter  of  northeast  quarter  at  Cook's  stone  quarry. 

Class  Qloftophora. 
Subclass  Srnphopoda. 
Genus    Dknt.vi.icm    Linnicua.     DentiiUam  conf.    meekuiaiiiH,    Oeinitz, 
Carbon,  u.  Dyaa  in  Ntbratka,  p.  13. 
Tbisspccies  was  described  from  the  Pcrmo-Carboniferous  of  Nebraska. 
and  was  also  found  In  the  undoubted  Upper  Coal  Measures  of  Illinois. 
Imperfect  specimens  were  also  found  in  the  Upper  Coal  Measures  of 
Crawford  county,  Arkansas,  10  N..  30  W..  section  10,  southeast  quarter 
of  northwest  quarter. 
•  Poi,  Fait.  CormnaU,  Dann,  and  Wat  Somerid,  p.  33. 
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Subclass  Gastropoda, 

Genus  Bellerophon.  Bellerophon  carbonarius  Cox,  Geol.  Sure,  Ken- 
tucky, Vol.  iil,  p.  574,  PI.  X,  Fig.  2.  B.  urii  C.  R.  Keyes,  Proc.  Ac, 
Nat.  8c.  Phila.,  July  31,  1888,  p.  14. 

In  the  Lower  Coal  Measures  of  Conway  county,  Ark.,  5  N.,  16  W., 
section  17,  centre  of  north  half,  were  found  specimens  of  this  charac- 
teristic Coal  Measure  species,  but  poorly  preserved.  Better  ones  were 
found  m  the  Lower  Coal  Measures  of  Conway  county,  6  N.,  16  W.,  sec- 
tion 29,  southwest  quarter  of  southwest  quarter. 

Bellerophoti  crassus  Meek  and  Worthen,  Geol.  Svrt,  Illinois,  ii,  p.  386,. 
PI.  xxxi.  Fig.  16. 

This  species  is  found  in  the  L'pper  and  Lower  Coal  Measures  of  In- 
diana, in  the  Subcarboniferous  and  the  Coal  Measures  of  Pennsylvania,, 
and  the  Upper  Carboniferous  limestone  of  Nevada,  etc.  Good  speci- 
mens of  it  were  found  in  the  Lower  Coal  Measures  of  Conway  county. 
Ark.,  5  N.,  16  W.,  section  17,  centre  of  the  north  half. 

Bellerophon  marcouanus  Geinitz,  Carbon,  u.  Dyas  in  Nebraska,  p.  7. 

This  species  in  the  Upper  Coal  Measures  of  Kansas,  Nebraska  and 
Iowa,  in  the  Coal  Measures  of  Illinois  and  West  Virginia,  and  was  found 
in  the  Upper  Coal  Measures  of  Sebastian  county.  Ark.,  in  8  N.,  32  W., 
section  12. 

Bellerophon  sp. 

In  the  Lower  Coal  Measures  of  White  county,  8  N.,  7  W.,  section  33, 
southeast  quarter,  and  section  26,  southeast  quarter  in  the  massive 
sandstone,  w^ere  found  several  large  imperfect  specimens  of  a  Bellero- 
phon that  resembles  B.  crassus,  but  it  is  probably  a  different  species  ;  it 
is  too  imperfectly  known  for  specific  identitication  and  description. 

Genus  Pleubotomaria,  Defrance.  Pleurotomaria  modesta  Keyes,  Proc, 
Ac,  Nat.  8c.  Phila.,  1888,  p.  238,.  PI.  xii,  Fig.  2.  P.  depressa  Cox, 
Geol.  8urv.  Kentucky,  iii,  p.  569,  PI.  viii,  Fig.  10. 

A  single  specimen  of  this  exceedingly  delicate  and  beautiful  species, 
showing  all  the  markings,  was  found  in  the  Upper  Coal  Measures  of 
Crawford  county.  Ark.,  10  N.,  30  W.,  section  10,  southeast  quarter. 

Pleurotomaria  conf.  speciosa  Meek  and  Worthen,  Proc.  Ac.  Nat.  Sci. 
Phila.,  1860,  p.  459;  Geol.  Surv.  Illinois,  Vol.  ii,  p.  a52,  PI.  xxviii, 
Fig.  5. 

One  small  imperfect  specimen  from  the  Upper  Coal  Measures  of  Po- 
teau  mountain,  Indian  Territory,  shows  the  characters  of  the  Illinois 
species,  although  very  much  smaller.  The  well-defined  suture  and  fine 
ornamentations  are  similar  on  both  and  serve  to  make  their  identity 
probable. 
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Ptearotomaria  tenuicintta  Meek  ood  Wortlion,  /Vo*.  Ac.  Nat.  Sci.  nii»., 

1880.  p.  460;   Oeol.  Sitr«.  niiaoU.  Vol,  ii,  p,  3S5,  PI.   xiviii.  Fig.  3. 

This  Bpecica  was  deseribt'd  from  tlie  Upppr  Ciwl  Measures  of  Illinois. 

and  a  similar  Hpcoimcu  was  found  in  tLe  Bumf  liorlxnti  nn  Poteuu  muan- 

taio,  Indian  Teirilory. 

Fletwotnmaria  harii  S.  A.  Miller,  SetenleeHth  Annual  Report  Statt  Gt«l- 
ogUt  of  Indiana,  p.  683.  PI.  xiv,  Figs,  a,  4. 
Thifl  species  wns  reeently  described  from  tile  Cpper  Coal  Measures  of 
Ennaan  City.  Mo  ,  and  until  now  buB  not  been  found  xnyivhere  else, 
is  a  very  striking  form  and  easily  re.cogninrf.    Tlie  railior  roundi 
wlinrls  are   about  five  iu   namhcr  and  marked  witli  numerous  ratlMf  1 
COaree  revolving  ribs,  which  show  traces  even  on  lUt-  east. 

A  single  cast,  and  mold  showing  the  8urfuri>  markings,  was  found  tajj 
the  Lower  Coai  Measures,  so-called  "Millslone  Grit,"  of  Con 
county,  8  N..  17  W..  section  33,  norlbcaal  iiiwrlcr  of  nurttteusl  ituaf1ai4 
at  Cook's  quarry,  near  Ilattieville. 
J^surotoaiaria  sp. 

In  the  Lower  Coal  Measures  of  Conway  county.  H  N.,  IS  W.,  aectli 
17,  cGUtre  of  the  north  half;  in  Fiankliu  county,  12  K.,  38  W.,  s«clli)»3 
27,  southeasC  quarter  of  northwest  quarter ;  and  In  Pope  county,  i ' 
Point  mountain.  10  N.,  20  W..  section  8,  souDieast  quarter  of  norlhwi 
rtuarior.  were  foond  numerous  specimens  of  Plturotatniria.  that  whiUV 
they  seem  to  lielon;;  to  several  distinct  species  could  not  be  more  accu- 
rately identified.     They  are  all  preserved  as  ousts  and  usually  badly 
weailiered. 

Genus   Euomphalus,  Sowcrby.     Euomphiilat  (StriiparoUu»)  iiibquad- 
Tatut  Meek  and  WorlUen".  Geol.  Sorr.  im,m».  Vol.  v,   p.  C(B,  PI. 
xxix.   Figs.  13,  13. 
This  very  common  species  was  found  in  the  Lower  Coal  Measures  of 
White  county,  Ark.,  in  8  N.,  4  W..  section  6,  and  0  N„  5  W.,  setlion  1, 
iu  a  soft  pinkish  sandstone,  nlon^  with  I'/iillipiia  {Griffilhidet)  tdt^la 
Meek  and  Wortiien. 
Euompbalua  (StrapaTolhtt)  ap. 

In  the  Lower  Coal  Measures  .>f  Independence  county.  Ark.,  11  N., 
5  W.,  centre  of  section  9,  whs  found  a  specimen  of  Evomphalu*  that 
seemed  to  be  different  from  E,  aubgua<lral"»  but  could  not  be  dciermined 
with  certainly. 

Genus  Natii'Opbis,  McCoy.  Ntifitopiii  i"ii"i  Meek  and  Worthen.  Ptatg- 
ottomii  nana  Meek  and  Wortlicn,  Proi-.  A/-.  Xiil.  Se.  Phila..  1860, 
p.  46.3.  Nataeoptie  nana  Meek  and  Worthen.  Geol.  Sum.  III.,  ii, 
p.  3fW,  PI,  xxxi,  Fin-  4.  Natiroptit  naiiit  Meek  and  Worthen,  C.  A. 
White.  U.  S.  Kxpl.  W.  of  100th  Merid  ,  iv,  p.  158,  PI.  sii.  Fig.  4. 
This  characterislic   Upper  Carboniferouc  sjiccies   is  distributed  from 
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Illinois  to  Nevada  ;  it  was  found  in  the  Upper  Coal  Measures  of  Sebas- 
tian county,  Ark.,  8  N.,  32  W.,  section  12,  associated  with  numerous 
other  fossils  characteristic  of  the  same  horizon. 

Naticopsis  sp. 

In  the  Upper  Coal  Measures  of  Scott  county,  Ark.,  1  N.,  28  W.,  sec- 
tion 4,  southeast  quarter  of  southeast  quarter,  was  found  a  specimen  of 
NaticopBis  that  resembles  somewhat  N,  shumardi  McChesney,  found  by 
Dr.  White  in  the  Permian  of  Texas,  Bull.  77,  U.  S.  Geol.  Surv.,  p.  24, 
PI.  iii,  Fig.  11,  but  it  is  too  imperfect  to  justify  a  reference  to  this  species. 

Genus  Macrocheilus,  Phillips.  Macrocheilus  conf.  fusiformis  Hall, 
Oeol.  Sure.  Iowa,  i.  Part  ii,  p.  718,  PI.  xxix.  Fig.  7. 

In  the  ferruginous  shale  of  the  Lower  Coal  Measures  of  Conway 
county.  Ark.,  5  N.,  16  W.,  section  17,  centre  of  the  north  half,  were 
found  a  few  specimens  that  probably  belong  to  Hall's  Coal  Measure 
species. 

MacrocheiltLS  (Soleniacus)  primigenius  Conrad,  Hall,  Geol.  Surv.  Iowa, 
Vol.  i.  Part  ii,  p.  720,  PI.  xxix.  Fig.  11. 

This  species  is  widely  distributed  in  the  Coal  Measures  of  the  Missis- 
sippi Valley  states,  and  was  also  found  in  the  Lower  Coal  Measures,  in 
Conway  county.  Ark.,  5  N.,  16  W.,  section  17,  centre  of  the  north  half. 

Genus  Polyfhemopsis,  Portlock.  Polyphemopsis  inornata  Meek  and 
Worthen,  sp.  Loxonema  inornata  Meek  and  Worthen,  Proc.  Ac. 
Nat.  8c.  Phila.f  1860,  p.  463.  Polyphemopsis  inornata  M.  and  W., 
Geol.  Surv.  Illinois,  ii,  p.  374,  PI.  xxxi.  Fig.  8. 

This  species,  originally  described  from  the  Upper  Coal  Measures  of 
Illinois,  was  found  in  the  same  horizon  in  Crawford  county,  Ark.,  10 
N.,  30  W.,  section  10,  southeast  quarter  of  northwest  quarter. 

Subclass  Pteropoda. 

Genus  Conularia,  Miller  (Sowerby).  Conularia  conf.  crustula^hiie, 
Xn  Am.  Rep.  U.  S.  Geol.  and  Geog.  Surt.  of  Terr.,  1878,  p.  170, 
PI.  xlii.  Fig.  4;  U.  S.  Expl.  W.  of  100th  Merid.,  iii.  Appendix,  p. 
28,  PI.  iii.  Fig.  4. 

The  genus  Conularia  is  not  common  in  the  Lower  Ctlrboniferous,  but 
is  exceedingly  rare  in  the  Coal  Measures,  so  much  so  that  Dr.  White 
mentions  this  species  as  being  the  only  representative  in  that  series. 
Dr.  White  found  it  in  the^Coal  Measures  near  Kansas  City,  and  also 
near  Taos,  N.  M.  The  species  has  been  found  in  the  Coal  Measures 
of  Texas,  and  also  in  the  Coal  Measures  of  Scott  county,  Ark.,  1  N., 
38  W.,  section  4,  southeast  quarter  of  southeast  quarter. 


CluBB  Cephalopoda. 
Order  Tetrabranehiala. 
Suborrt«r  yauHMdia. 
GoiiPB  KsnoLOBUS,   Meek  and  Wurllii-n.      Sndoiabat   (Aoifif.,.)   m>- 
touriensU  Swallow,  sp..  PI.  sxi,  Figs.  1-3.     Nautilut  t«t..«ur«nnt 
Swallow,  Tram.  St.  LoaitAc.  Sc..  1857,  p.  198.   Emlotobu*  miuonrirn- 
*(«Bwb11ow,  Bp.,  C.  A.  White,   Indiaua  Gtol.  Sunry,  1883,  p.  11* 
PI.  X3CAV.  Fins.  1,  3. 
This  xpecies  resembles  very  ekiaely  iSndnlnbiu  tptttabilU  Meek  and 
Worlhen.  Oevl.  Sitrr.  llUnoU.'A.  p.  308,  Pl.sxv,  Fig.  18,  (uid.aeDr.C.  A. 
Wliiti'*  remarks,  almosl  the  only  reas—i  for  ri'frarding  iheni  s«  diMlnM 
speciKxlBilicir  occurrence  in  sitchdilTc    iil  horizons  as  the  ChMlcr  Limr- 
alone  of  Ihe  Buhcarbuniferous,  and  thi     oal  MFnaares.    Also  Dr.  Whilfi 
en  WRB  pnnrly  preaervcd,  and  L<.  thought  it  niiglit  iwssibly  lu>i> 
'  nudes  originally.     It  1b  really  impiinsible  to  recognize  the  »pmui'» 
nllow's  imperfect  original  description,  but  Dr.  White's  denrrlpiton 
r  uneful  ill  deiemtining  thix  species,  wlUeh  in  tlie  Ciial  MtvHun* 
kunsHs  does  not  have  nodes  on  [hesideHofthe  shell ;  tliudlfTrtvnrB 
■  more  prolmble,  because  in  the  Fayelteville  shale,  hayer  t'sr- 
..iip.   "1'  Independence  county,   near  MoureGeld,   ■wan  found  W 
j.iiohiif.  with  very  atnnigly  marked  nodes,  resembling,  if  not  identi- 
CBI  with,  JS.  tpirtnbilU. 

This  species  also  resembles  Endi/labiii  (HuUiiochtilut')  iildiontutil 
Worlhen,  Oeol.  Sarr.  Illinois,  vlii,  |).  150,  PI.  xxviii,  Fig.  1,  but  on  the 
Arkansas  specimens  the  whorls  are  more  embracing,  are  broader  sad 
not  so  high. 

Id  E.  g£bb»»i»  Hyatt,  Serond  An.  Reiit.  Oeul.  Surrey,  nf  Ttin*,  p.  353. 
the  wliurls  are  luueh  more  llatlened,  and  the  itmliilicuB  is  narrower, 
and  the  umbilieal  shoulder  subunguliir,  white  in  B.  mi»tourUii*u  the 
shoulders  are  round.  lu  hotli.  iir  in  E.  »pefiabili»,  in  adult  Mjieciniens 
the  outer  whorl  embraces  nearly  onc-hnlf  of  the  nest  inner  whorl.  The 
septa  are  like  those  of  E.  apectabilin,  aud  are  far  apart,  gently  sinuons 
and  deeply  coucare.  The  internal  lobe  is  deep  and  funnel-shaped. 
The  siphon  is  slightly  nearer  the  internal  than  the  external  aide,  and  is 
slender. 

The  casts  are  smooth,  but  some  specimens  have  the  shell  partly  pre- 
served. It  is  ornaiuenled  with  line,  sharp,  spiral  lines  crowed  by  finer 
lines  of  growth,  about  one-liiilf  as  far  apart  as  the  spiral  lines,  giving  a 
finely  reticulated  appearance  to  the  shell  ;  these  transverse  Hues  bend 
sharply  backward  on  the  outside  of  the  whorl. 

In  our  collections  arc  septate  fragments  of  specimens  that  must  have 
been  at  least  four  iiichcK  in  diameter,  and  the  body  chamber  would  have 
added  about  one-half  of  another  revolution,  so  thts  species  attained  a 
diameter  of  not  less  than  six  Inches. 
•  Gait  Sarr.  IiuHann.  1S83,  p.  IM. 
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The  best  preserved  specimens  are  small,  being  only  the  inner  whorls 
of  large  individuals,  since  the  body  chamber  is  not  seen  on  any  of  them. 
Dimensions  of  a  small  specimen,  figured  on  PI.  xxi.  Fig.  2  : 

Dimensions.  mm. 

Diameter ••••• 28 

Height  of  the  last  whorl  from  umbilicus 19 

Height  of  the  last  coil  from  the  top  of  the  inner  whorl. .  11 

Position  and  Loc^litjf. — Several  specimens  of  this  species  were  found 
in  the  Lower  Coal  Measures  of  Conway  county,  Ark.,  5  N.,  16  W.,  sec- 
tion 17,  centre  of  the  north  half 

Oenus  Ephippiocebas,  Hyatt.  Ephippioc eras  f erratum  Cox.  Nautilus 
ferratus  Cox,  OeoL  Sure.  Kentucky,  iii,  Fig.  574,  PI.  x.  Fig.  2. 
Ephippioceras f erratum  Cox,  A.  Hyatt,  Proc.  Boston  8oc,  Nat.  Hist., 
1883,  p.  290. 

A  single  large  specimen  that  probably  belongs  to  this  species  was 
found  in  the  Lower  Coal  Measures  of  Conway  county,  Ark.,  5  N., 
16  W.,  section  17,  centre  of  the  north  half.  Owen,  in  his  Report  on  a 
Oeol.  Recon.  Arkansas,  Vol.  i,  p.  68,  cites  Nautilus  ferratus  from  a  bold 
point  three  (?)  miles  northwest  of  Searcy,  White  county.  The  rocks  of 
that  region  are  now  known  to  belong  to  the  Lower  Coal  Measures. 

Nautilus  sp. 

In  the  Upper  Coal  Measures  of  Crawford  county,  Ark.,  10  N.,  30  W., 
section  10,  southeast  quarter  of  northeast  quarter,  were  found  frag- 
ments of  a  Nautilus  too  imperfect  even  for  reference  to  any  of  the 
genera  into  which  the  old  genus  Nautilus  has  been  split  up. 

Oenus  Orthoceras,  Breynius.  Orthoceras  crihrosum  Geinitz,  Carbon. 
V.  Dyas  in  Nebraska,  p.  4.  Orthoceras  cribrosum  Geinitz,  Meek,  U. 
8.  Oeol.  Burt.  Nebraska,  p.  234,  PI.  xi,  Fig.  18. 

In  the  Upper  Coal  Measures  of  Poteau  mountain,  Indian  Territory, 
"were  found  specimens  of  Orthoceras,  showing  the  peculiar  indentations 
of  surface  supposed  to  be  characteristic  of  this  species.  The  markings 
seem  to  be  due  to  the  growth  of  a  bryozoiin  on  the  shell,  for  when 
magnified  they  show  six-sided  cells.  Meek,  op.  cit.,  p.  234,  stated  his 
belief  that  this  marking  is  accidental. 

Orthoceras  conf.  rushense  McChesney,  New  Pal.  Foss,,  p.  68.  Orthoceras 
rushense,  C.  A.  White,  Bull.  77,  U.  S.  Oeol.  Surcey,  p.  22,  PI.  ii. 
Figs.  14-16. 

This  species  was  described  originally   from   the  Coal   Measures  of 
Iniliana  and  Illinois,  and  Dr.  C.  A.  White  found  it  in  the  Permian  of 
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Texas.     Some   imporfpcl  Bpedmens   that  itrobably   tiotoii);  ht'ri'  wrir 
found  in  tbp  Upper  Coul  Mtasitre^  of  Scott  county.  Ark.,  1  S..  !S  W . 

section  4,  Boutheasl  (|U)irter  nf  noiitlicaBt  qnarter. 


A  lon;t  sloBtler  form  with  very  close  cliiimber  wHlls  co^ld  mil  Ih- 
itluntiflcd  witlk  nny  species  lcui>wn  rmm  llie  Cni'linnifcrnus,  Inu  Ihv 
specimens  found  were  not  perfect  enougli  for  specific  ilcscrlpiion. 

Lofality. — Tliis  specieB  was  found  in  tlic  Lower  Coiil  .%[pii*nrc6  «( 
Conway  county,  8  N..  17  W.,  section  33,  niirtiieaBt  iiuarler  of  ii.iritii-Jiti 
qnnrter,  tX  Cook's  qunrry.  near  UHttieville, 

Huborder  Ammtmoiiiea. 

The  Cephalopoda  alone,  of  all  animals,  preserve  iu  the  ludiTlduil  i 
complete  record  of  liieir  lurvnl  nnii  umbryonic  htBtory.  ihu  protocundi 
and  early  chamliers  being  onvelojleil  and  pmtvcted  liy  the  lalcr  slaves 
of  the  shell.  And  by  breaking  off  the  outer  chambers  Ihe  oalanllM 
can  in  effect  cause  tlie  Bhell  to  repeat  its  life  history  in  inrer«i?  order.  Tot 
each  stage  of  growth  represents  someexlioci  aDceeirnl  genUM.  TlieM 
gcn<-nt  appe  red  h  rd  far  niinuie  ItniU- 

tioDs  in  the  h       ry        h      d       nd     ts       d    y  a  itudT  of  adnll 

forms  in  tlie  ru  ra        II      h  the  ki-y  to  tfar 

slaves  of  gn  arrange  speciw 

and  genera  i     g  tology  bemraes 

a  biologic  EC 

It  has  long  k  g  h      ncestorf  of  the 

ammonilett,  Bn  Karpinsky  imtf 

traced  out  tl  m  b  ing  the  succes- 

sive genera  o  rl  g  growth  in  tbe 

individiinl.     E         m  k  as  a  gonlalite. 

and  only  by  gra  Ihe  ammonhic 

stage.     ThiM     d  k  m  earlier  than  in 

others,  since  ra  in  Ihe  Carbon- 

ifenius.  while  others  persist  in  Iheir  gonialitic  characteristics  even  in  the 
Trias.  In  the  great  ninjoHiy  of  eases,  however,  the  Irensition  was  inade 
near  the  end  of  Paleozoic  time,  Itint  is,  somewhere  during  the  Carlwii- 
ifcrous  or  Permian. 

Cla»»ificiitioi(  of  floi,i>iriU».—Tli(:  gonialiles  have  been  divided  into 
two  great  slocks  or  families,  (}uiii<ilUi<Ue  and  Prolfcnnilidrr.  Ijolh  of  which 
persift  from  Ihe  Devonian  to  the  Permian.  This  elassillealion.  while 
the  best  at  present  posslltle,  is  by  no  means  satisfactory,  for  it  is  certain 
that  some  of  the  forms  ascril)ed  tit  tlie  ProUeanilida  desci-iided  from 
genera  classilied  as  Gouiiititidir. 

The  Ooniatitidit  of  the  Carboniferous  consist  of  the  genera  Branto- 
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eer(U,  Olyphioceras,  Oastrioceras,  Paralegoceras,  Nomumoceras,  Pericy- 
elus,  Dimorphoeeras,  with  numerous  subgenera.  They  comprise  many 
rough -shelled  species,  and  on  this  account  they  are  thought  by  Stein- 
mann*  to  have  given  rise  to  the  trachyostracan  Ceratitida  and  Tropi- 
tidoi  of  the  Trias.  In  this  opinion  also  concurs  Dr.  K.  A.  von  Zittel.t 
as  far  as  the  TropitidcB  are  concerned,  for  these,  he  thinks,  have  been 
developed  out  of  Oastrioreras  and  Pericyclus, 

The  ProlecaniHdfK  of  the  Carboniferous  comprise  the  genera  Prole- 
canites,  Pronorites.  Agathiceras;  all  of  which  live  on  into  the  Permian 
and  branch  out  during  that  period  into  a  number  of  genera  and  sub- 
genera. Some  of  these  genera  live  on  into  the  Trias,  and  branch  out 
daring  that  period  into  numerous  families,  whose  Jurassic  and  Creta- 
ceous descendants  made  up  the  bulk  of  the  cephalopod  faunas. 

Besides  the  Goniatitida  and  the  Proleeonitida  of  the  Carboniferous, 
the  Ammonoidea    are  represented    already  in    the   Coal   Measures  of 
America  by  the  families  Arcestida,  in  Popanoceras  parkeriX  Heilprin,  of 
the  Strawn  division,  Lower  Coal  Measures  of  Texas. 

In  the  European  Coal  Measures  the  TropitidiB  are  represented  by 
TluikiisoMras  looneyi  Phillips.  Thalassoceras  was  described  by  Gem- 
mellaro§  to  include  certain  species  of  the  Carboniferous  and  Permian, 
and  referred  to  the  Tropitid(B  ;  this  genus,  along  with  Paraceltites  Gem- 
mellaro,  Gnatrioceras,  and  some  Permian  forms  referred  to  Olyphioce- 
rat,  are  said  by  Mojsisovicsl  to  be  the  Paleozoic  representatives  of  the 
TropitidcB. 

Family  Ooniatitidm  von  Buch  (Zittel). 
Subfamily  GlyphioceratidcB  Hyatt. 

This  group  includes  a  series  of  forms  that  range  from  the  Upper  De- 
vonian into  the  Permian.  The  older  members  have  the  siphonal  lobe 
undivided,  thus  showing  their  relationship  to  the  older  Proleeanitida. 
The  form  may  be  compressed  and  discoidal  as  in  Brancoceras  of  the  De- 
vonian and  Carboniferous  ;  or  broadly  rounded  and  involute,  with 
semilunular  cross-section,  as  in  most  species  of  Glyphioceras  ;  or  evo- 
lute,  with  wide  umbilicus,  trapezoidal  cross-section,  and  umbilical  ribs, 
as  in  most  species  of  Gastrioccras.  The  sutures  are  simple,  consisting 
of  a  siphonal  lobe,  which  may  or  may  not  be  divided  by  a  secondary 
siphonal  saddle,  and  one  or  two  pairs  of  lateral  lobes,  which  are  some- 
what pointed,  also  usually  a  pair  of  short  lobes  on  the  umbilical  shoul- 
ders.    The  internal  lobes  consist  of  a  long  and  rather  pointed  antisi- 

*  Etemente  der  PaUeotUohffU,  1890,  p.  tm. 

t  OrundzUge  der  Palaeontoloffie,  1895,  p.  405. 

tThe  writer,  in  Joum.  Oeol.,  Vol.  ii.  No.  2,  p.  194,  following  Karpinsky  in  Ammoneen  d. 
ArttnMk-Stufe,  p.  92,  referred  ihe  PopanoccroB  parkeri  beds  to  the  Artinsk  stafre.  but  Prof. 
W.  P.  CumminB,  of  the  Geological  Surrey  of  Texas,  has  pointed  out  to  the  writer  the 
troe  horizon  of  thin  Rpecies. 

lOionaU  SeL  Nat.  Eeonom.,  V«)l.  xix,  1888,  p.  67. 

I  J)a»  Gddrge  urn  HaUttadt,  Bd.  11,  p.  10 
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plinnal  lolic.  nnil  a  pKlr  of  pointed  lateral  lobes.  Tlie  saddles.  iwUl 
cxioroAl'and  internal  nro  nRiially  wunUi-il,  altlioagli  even  they  iDAvb*- 
comit  angular,  as  in  old  specimens  of  Gluphioftrat  tpharifum  Martin. 
The  surface  inmost  of  tiie  older  membent  of  the  group  is  ornsmeDtedoilj 
with  strite,  but  in  rasny,  espeetallj  the  Iftter  luemberB,  nmbllicAl  ribsuf 
developed,  which  in  Feries/Hiu  cross  the  alidomen.  Periodic  coastiic 
tions.  or  variceH.  representing  temporary  cessatioiis  of  growth, 
found  on  moat  of  the  genera. 

iljatt  •  Bays  that  the  Oiyphioceratida  are  derired  directly  fwm 
group  XagnoulUtridit,  as  represented  by  PuTodiceriu  at  tliu  DevunlMS. 
Ami.  in  fact,  the  development  of  Olyphoeerat  diadttaa  Qnldnue.  m 
worked  out  by  Braneo.t  shows  at  3.2S  millimetres  dinlueter  a  deddpil 
resomblanee  to  the  adult  sutures  of  Tornorfrnt.  The  younger  Isml 
sutnres  of  this  form  show  derivation  from  H  radicle  like  Anarttti**, 
PI.  xix,  Pig,  S.  shows  the  development  of  Tonoftrat  {ParoAittraty  wt- 
trortum  Buch.  after  Branco.  tn  Pitlieoiiloiiraphica.  Vol.  sxvii,  PI.  v,  Fl^ 
7.  We  thus  liBve  probably  the  complete  genealogy  of  the  Olifphieetrif 
tidiB  in  the  larval  stages  of  the  two  genera.  Olgphioetrat  and  TanMi-' 
««■'(«,  PI.  xix.  Fig.  4.  shows  the  development  uf  Gl}/pbioetra$  dia^Mltr-] 
Ooli]f\ise,  after  Braneo.  In  PalaontograpAica,  Vol,  xxvii,  PI.  iv,  Fig.  I. 

tienus  Qasxbiocerab,  Hyatt, 

This  g8ru9waaoriglnallyestabHBhedl)yHyatt(ftv»A  Bo«f»«  Aw-ift 
Hiat..  Vol,  xxii.  Ifi83,  p.  327)  to  include  evolute  specifs  willi 
bilicus.  trapezoidal  or  aemilunular  cross -seel  ion,  and  usually  ribs  or  tuber- 
cles on  the  sides  ;  the  species  included  by  Hyatt  in  this  genus  all  hare 
prominent  siphonal  saddles,  first  lateral  saddle  broadly  rounded,  second 
lateral  saddle  broad  but  inclined  to  be  i>ointed ;  the  siphonal  lobes  are 
long,  narrow  and  pointed,  and  the  lateral  lobes  broad  and  pointed.  Id 
all  the  species  cited  by  Hyatt  <(<ic  i-it.)  as  iielonging  to  Oattriottrai 
there  Is  hut  a  single  pair  of  lateral  lobes  visible,  that  is,  on  the  sides  of 
the  shell  :  and  in  the  Seeoad  Aiiiifiat  Report  Gtol.  Surnr;/  of  Teiat.  1891. 
p.  35.').  Hyatt  limits  (tagtriocenis  )o  forms  with  a  single  pair  of  lateral 
lobes  and  with  the  second  pair  on  the  umbilical  shoulders.  Hyatt  (lot. 
ci7.)  refers  ff.  Tuuientt  Zweiajcw  to  his  genus  ParaUgoeerat,  because 
that  species  has  the  second  pair  of  lalcral  lobes  on  tlie  sides  of  the  shell 
and  not  on  Ihc  umbilical  shoulders.  But  Gastrioeerat  rutiienie  has  Just 
the  same  number  of  lobes  as  all  other  known  species  of  Gattrioctra*. 
namely  nine  in  all,  and  lacks  the  lohe  on  the  umbilical  border,  which  is 
characteristic  of  PiiraUgocfraa.  Another  species.  Oiiilriocera*  baylor- 
entt  White  (Bull.  77.  U.  8.  Oeol.  Snrrry.  p.  19,  PI.  ii.  Figs.  1-8),  also 
has  two  pairs  of  lateral  lobes.  White's  figures  and  description  do  not 
show  whether  the  umbilical  lobe  is  present  or  not ;  if  It  is.  G.  baytoren** 
righlflilly  belongs  with  I'nraUgof^ras.  but  if  most  probably  belongs  in 


wl 
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the  same  group  as  G.  russiense.  Dr.  K.  von  Zittel,  in  Orudziige  der  Pal- 
aontologif,  18^,  p.  399,  confines  Oastrioeeras  to  forms  witli  a  single  pair 
of  lateral  lobes.  But  the  relations  of  Oastrioeeras,  Olyphiocera$  and 
PardUgoMras  have  been  best  worked  out  by  Karpinsky,*  who  shows 
that  there  is  no  marked  distinction  between  Qlyphioceras  and  Oastrio- 
ceras  ;  that  both  have  the  same  number  of  lobes  and  saddles — nine  of 
each  ;  that  the  second  pair  of  lateral  lobes  may  be  on  the  umbilical 
shoulders  or  on  the  sides  of  the  shell,  thus  differing  from  Paralegoceras^ 
in  which  the  third  pair  of  lateral  lobes  is  on  the  umbilical  shoulders. 
Oastrioceras  usually  has  a  trapezoidal  cross-section  and  umbilical  ribs  ; 
but  some  species  lack  the  ribs,  as  O.  globulosum  M.  and  W.,  while  some 
species  of  Glyphioreras  have  umbilical  ribs  and,  in  their  youth,  also  the 
elliptical  cross-section,  as  Olyphioceras  diadema  Goldfuss.  But  the  two 
extremes  are  widely  separated  from  each  other,  as  Gafdrioreras  jossie 
Verneul  and    Glyphioeeras  aphctricum  Martin. 

This  genus  has  been  looked  upon  by  Steinmannf  as  the  ancestor  of  the 
trachyostracan  families  of  the  Trias,  the  CeratUidir  and  the  Tropitida>. 
Dr.  K.  von  Zittel  J  agrees  with  this  opinion  as  to  the  origin  of  the  Trop- 
itidff,  but  thinks  the  Ceratitid<B  developed  out  of  the  ProlecanitidtB. 

Oaatrioceras  branneri  Bp.  nov.  J.  P.  Smith,  PI.  xxiii,  Figs.  1-6. 

The  adult  shell  is  discoidal,  with  low,  narrow  whorls  of  semilunular 
cross-section  ;  the  adult  whorl  is  very  evolute,  embracing  not  more  than 
a  third  of  the  preceding  one,  and  the  increase  in  height  and  breadth  is 
extremely  slow.  The  young  whorls  are  proportionally  broader  and 
more  involute,  so  that  the  umbilicus  of  the  younger  part  of  the  shell  is 
deeper,  but  widens  rapidly  with  age,  as  the  involution  decreases. 
O.  branneri  is  the  most  evolute  species  of  Gastrioceras  known  in  the 
Carboniferous,  and  approaches  the  narrow  evolute  Permian  type, 
described  by  Gemmelarog  from  Sicily  ;  but  the  Sicilian  form  still  retains 
the  strong  constrictions,  and  has  also  acquired  the  spiral  striie  that  are 
characteristic  of  Permian  Gastrioeeras. 

Dimensions.  mm. 

Diameter 39.5 

Height  of  last  whorl 10.5 

Width  of  umbilicus 19.0 

Breadth 15.0 

Height  of  last  whorl  from  top  of  preceding 8.0 

The  specimen  shows  nine  whorls  at  the  diameter  of  39.5  mm. 
Sutures, — The  sutures  consist   of  three  external  lobes  and  as  nianv 

*Mlm.  Acad.  Imptr.  ScL,  St.  Petersburg,  vii  Ser.,  Tome  xxxvil,  No.  2,  "  Ammoneen  d. 
Artinsk-Stufe,"  pp.  45-4S. 

t  EUmerUe  d.  Palstontologir,  1890,  p.  303. 

X  OrundtUge  d.  Palwontologie,  1S9>,  p.  405. 

iQiom.  Sci.  Nat.  ed.  Ecoii.,  Vol.  xx,  1890,  p.  31,  PI.  D,  Figs.  2l-2«,  Qattriocema  wiagcni 
Gemm. 
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'^iiUllc'i,    The  Hi|ihaiiHl  luliM  nrr  lonj,  narrow,  anil  [Kiinieili  lUt  nm 
liKfritl  Iinmilly  itiilntcd,  sndou  tbf  uiulilltc'iklHhi>iil<li-rit>ftnfj|)iiT  shnriii* 
lulitf.  Iimml  and  pulnt<!il.    Tlie  mplionnl  enddlr  M  narrow,  wiili  ttir  n»n«l 
inilcntHtiiin  nt  llii!  URd  ;  thu  Urol  Inlpral  *iaddle  U  liniuill>-  ruunileil  ind 
dWip,  Ihe  wcnnd  Uti>ral  Mtldle  bIuiUow  unil  inrliniMl  tn  lir  piilnlpd.   Thr 
lnni>r  IoIiob  ur^  ibrec  in  nnmlicr,  it  Inng,  iiflrrou.  jhiIuIciI  uniisiifbi'Dkl 
Mw.  sud  n  pnir  of  ahnrtpr,  pointed  Iftlenil  lobps  ;  tlm  fotir  tnttrnnl  Mkd- 
dip*  «re  rounded.    The  flgun-n  on  PI.  ixlM,  Fir.  a.  «  sod  A,  »li<n 
sutareo  lo  bi-  dm ract eristic  of  Onttrioernni ;  but  the  eerond  UUrut  lob*- 1 
nliilc  iin  thp  umbilical  ahmilders,  is  pluinly  vlslhlo  frata  ihr  naiKldcrl 
TliuK  llio  «iiecitHi  might  be  rcfprrrd  to  the  ptnu»  PiiTaltgotgr«*  o(  IffatltM 
I)UI  it  liuH  oiiljr  nlnp  loben  and  nine  saddles,  whili-  I^raUgoetrat  h 
clrvfj]  of  (uich.     For  a  diveuMion  uf  lliiB  rcc  |).  SSti  undor  (Ici>rri]illna  offl 
th«  Bcnux  Onitriofrriit, 

Sarfare  CharaeUr$.—T]iif  shell  is  prefw-Tved  on  unlyaaniall  ponjon 
the  specimen.  Imt  the  cuhi  shows  the  grnorlc  and  Hperlflc  clianiPi«nfl 
quilp  as  wpU.  Obsriirp  and  soiui>wlutt  doubtful  ciinBlrlc-llous  wm 
(rlmerrod,  but  the  prcservuUon  is  with  thai  tlicir  inlorral  cnuld  nm  be 
nstcrtnlnod.  The  umblltnil  shoiitd^ra  arc  Diarked  with  rather  «eal> 
nodoK  or  ribs,  which  on  the  ouli-r  whorln  rench  up  nearly  to  the 
Hbdominal  Hhoaldurs;  on  thp  young  ahcll  thty  arc  relatively  murb 
Mmnftt>r. 

JJIniU'e$. — OaUrineerat  branneri  helongx  to  thn  gronp  of  O,  UtUn 
Miirtin,  O  J—iur  Vf-rnrill,  nnd  O.  vKiriirniin.  nil  chHmcierir.cd  by  tmiir 
/I'idul  iToss-seclioii,  iimbiticiil  ribs.  ]>iiiiited  lobpa  and  rounded  saddles. 
mid  pcolule  whorls.  From  the  HbovL'-mcntiiined  species  G.  brnniirri 
differs  ill  Ihe  nurrowni-ss  of  ils  whorls,  and  wide,  shallow  umbilicus  ;  il 
n-cm«  to  depiirl  ftirlher  from  the  (lli/phi<-reriiK  stock  Ihaa  any  other 
(.'iirbDiiifcroHS  spi'cicB  of  the  Reiius  (lnKtrioriTiit. 

Orr-irrrner.  —  (jiittrivrerti*  hriiiiiirri  wiis  found  along  with  Pronorila 
i-l/rloMm-  Phillijis,  viir  i,rk->ii,tiei»i»  .1.  P.  Smith,  iu  Arkansas,  on  Pilol 
nil  111  ins  ill.  Carroll  eonnly,  Ibri-e  and  n  half  miles  southwest  of  Valley 
SiirinKs.  in  17  X.,  lit  W  .  seeli<in  IN.  norlhciist  corner,  in  the  Lower  Coal 


M.':is 

res,  so-called    ■■  Millstone  Gril  "'    (AlU  of  Prof.   H.  8.   Williams' 

s.^c-tio 

.).     About  flny-live  feet  below   this   horiwm  lie   coarse,  reddish 

brow 

,  fossiliferoiiB  liniistonf  supposed  lo  he  Ihe  Chester  lieds  of  the 

Lowe 

C:)rboniferous. 

The 

lypc.  for  the  use  of  which  the  writer  is  indebted  lo  Prof.  H.  S, 

Willi 

nis  is   the   property  of  the   I".  S.  (Jeologieal   Survey   {National 

Must 

111),  calalojrue  number  Sta.  1273. 

w,  ni»  ;iUib;U>tmii  Meek  and  Worlhen.  PI.  xviii,  Figa.  1-6.  Gonia- 
ftytobiitom*  Meek  iind  Worlhen.  /V"i-.  Aend.  Nat.  Sri.  PhUa..  1860. 
47.  a-inatUo  nM.uh.s-s  Meek,  tit>-l.  S'irr.riliiiou.  ii,  p.  890,  Fl. 
X.  Fig.  2.  {i.ntrior^TnH  gh>bnio».,m  M.  rtnd  W..  sp  .  A.  Hyatt, 
nr.  Ba'l"n  S..f.  X.if   lli't..  l«8;f.  p.  ;!27. 
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the  Texas  Permian,  but  the  lobes  of  the  latter  are  alone  sufficient  to  sep- 
arate the  species,  exceeding  by  one  the  number  on  the  sides  of  G.  globu- 
losnm.  The  Texas  species  also  has  the  umbilicus  much  wider  and  more 
open,  and  is  not  so  globose. 

The  angle  of  the  umbilicus  is  45^,  which  remains  constant  notwith- 
standing the  fact  that  the  shell  grows  more  involute  with  age,  being  in 
its  youth  a  comparatively  open  coil.  In  youth  the  whorls  are  flattened, 
but  with  age  they  become  more  rounded,  until  the  shell  reaches  almost 
the  form  of  Glyphioceras  spfuericuia  Martin.  As  many  as  six  whorls  are 
known. 

The  deeply  marked  constrictions,  that  are  so  common  in  the  family  of 
the  Glyphioceratidcf,  are  seen  on  the  casts,  about  four  to  a  whorl. 

Sutures. — The  sutures  show  nine  lobes  and  nine  saddles  ;  the  siphonal 
lobes  are  narrow  and  pointed,  the  first  lateral  lobe  is  broad,  but  pointed, 
and  on  the  umbilical  shoulder  is  a  small,  pointed  "suspensive"  lobe. 
There  are  three  pointed,  internal  (concealed  by  the  involution)  lobes, 
of  which  the  antisiphonal  (dorsal)  is  the  longer. 

The  siphonal  saddle  is  rather  deeply  notched,  long  and  narrow  ;  the 
two  lateral  saddles  are  broad  and  rounded.  The  two  internal  s&ddles 
are  rather  pointed  and  long,  as  is  the  case  with  most  species  of  this 
genus.  The  internal  lobes  and  saddles  have  never  been  seen  before  in 
this  species. 

The  septa  are  exactly  like  those  figured  by  Meek  and  Worthen,  so 
that  no  further  description  of  them  is  necessary  ;  they  are  typical  of  the 
genus  Gastrioceras,  as  characterized  by  Hyatt,  although,  as  Karpinsky* 
remarks,  the  sutures  alone  are  not  sutiicient  to  separate  the  genera  Gly- 
phioceras, and  Gastrioceras,  since  a  comparison  of  the  sutures  of  Gastri- 
oceras  josscB  Verneul  and  Glyphioceras  diadema  Verneul  (not  Goldfuss) 
shows  the  almost  perfect  similarity  of  the  two. 

The  surface  of  the  shell  was  unknown  to  Meek  and  Worthen,  but 
some  of  the  Arkansas  specimens  have  the  shell  partially  preserved.  It 
is  marked  with  fine,  sharp,  doubly  arcuate,  sickle-shaped  strite  or  ribs, 
with  the  sinus  on  the  ventral  portion  pointing  backwards.  This  surface 
ornamentation  resembles  that  of  Glyphioceras  ohtusvm  Phillips,  Geol.  of 
Yorkshire,  ii,  p.  235,  PI.  xix.  Figs.  10-13,  but  the  form  is  much  more 
globose,  and  the  lobes  unlike  those  of  Phillips'  species. 

Dimensions. — One  of  the  fragments  shows  a  diameter  of  over  two 
inches  ;  on  this  only  the  Imdy  whorl  was  seen,  it  being  at  least  one  coil 
in  length. 

Dimensions  of  the  Largest  Flgfired  Specimen. 

MM. 

Diameter 30 

Breadth 27 

Height  of  last  whorl 14 

♦••Ueber  die  Ammoneen  der  Artinsk-Stufe,"  Mint.  Ac.  Imper.  Sci.  St.  Petersburfj,  vi 
Series,  Tome  xxxvii.  No.  2.  p.  46. 
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MM. 

Height  of  last  whorl  from  centre  of  umbilicus 19 

Height  of  last  whorl  from  top  of  the  inner  one 8 

Width  of  umbilicus    9 

These  measurements  show  the  adult  shell  to  be  very  globose. 

Position  and  Locality. — Several  specimens  of  this  very  interesting  spe- 
cies were  found  in  the  Upper  Carboniferous  of  Scott  county,  Arkansas,  1 
N.,  28  W.,  section  4,  southeast  quarter  of  southeast  quarter,  in  beds  sup- 
posed to  belong  to  the  Barren  Coal  Measures  ;  but  from  this  and  asso- 
ciated fossils  seem  more  likely  to  belong  to  the  Upper  Coal  Measures. 
This  species  is  also  found  in  the  Cisco  division  of  the  Texas  Upper  Coal 
Measures. 

Gastrioceras  excehum  Meek,  PI.  xvii,  Fig.  1.  Ooniatites  globulosus  var. 
excelsus  Meek,  Bull.  U.  S.  Oeol.  and  Geog,  Survey  Terr.,  No.  6, 
second  series,  p.  445.  Goniatites  globulosus  Meek  and  Worthen 
(pars),  Geol.  Surv.  Illinois,  Vol.  ii,  p.  390,  Fig.  38. 

This  species  was  originally  described  from  the  Upper  Coal  Measures 
of  eastern  Kansas,  from  Osage,  associated  with  Spirifer  eameratus 
Morton,  and  Athyris  subtilita  Hall,  and  other  species  characteristic  of 
that  horizon. 

It  resembles  closely  in  everything  but  size  Gastrioceras  globulosum 
Meek  and  Worthen  of  the  Upper  Coal  Measures  of  Illinois,  and  we 
know  too  few  specimens  of  the  latter  species  to  say  that  it  did  not  grow 
to  the  immense  size  of  the  Kansas  species. 

In  the  Lower  Coal  Measures  of  Pope  county,  Arkansas,  10  N.,  20  W., 
section  8,  southeast  quarter  of  northwest  (quarter,  was  found  a  large  sep- 
tate frairment  of  a  specimen  that  must  have  been  five  or  six  inches  in 
diameter,  since  the  body  chani])cr  is  at  least  one  coil  in  lengtli  on  all 
nearly  related  species.  The  ventral  (external)  portion  of  the  shell  is 
higher  and  not  so  rounded  as  in  G.  f/hbulosnm,  but  as  has  already  been 
noticed  on  that  species  the  coil  becomes  with  age  rounder  and  more  ele- 
vated, and  this  may  be  only  an  advanced  stage  of  growth  not  seen  on 
any  of  the  smaller  specimens.  The  lobes  are  almost  exactly  like  those 
of  the  small  Gastrioceras  (jlohulosum  of  Meek  and  Worthen. 

Gastrioceras  ruariamim  Verneul,  PI.  xvi,  Figs.  1-5.  Goniatites  marianus 
Vernc'ul,  (itol  of  Rmtsia,  ii.  p.  301).  PI.  xxvii,  Fig.  2.  Goniatites 
jofiHa  Vrrneiil  (pars).  Kiclnvald.  Ltth.  Boss.,  i,  p.  1824.  Goniatites 
list(ri  Martin  (pars),  var.  inaria',  Gurow,  Ahhandl.  d  naturf.  Gtsell. 
Charcinr,  ISTii.  p.  ST.  (rastriociras  mariauum  \crneu\ ;  Karpinsky, 
Atmnonii  n  iU  r  Artinsk-Stufe,  J).  4t). 

This  is  easily  distiniruislu'd  tVom  all  other  American  species  by  its  low, 
broad  whorl,  w  idr  and  deep  umbilicus,  and  the  strong  ribs  on  the  umbil- 
ical slioiildcis.     These  toiicther  with  its  sutures  make  it  a  most  typical 


r<-pre<ipiitative  nf  the  genua  Oattriottrai.  But  there  itre  epeciee  ot  Gat- 
Iriaerra*  tltnt  are  globose  and  not  flattened,  and  without  the  umbllicftl 
rlhs  nr  nodee  :  also  reriain  species  have  their  BuCiiref>  Terj  angnlar.  On 
the  other  hand  certain  species  of  Qlyphior.fTat  Imve  weak  umbilical 
niidce  and  riiunded  sutnrea. 

This  species  ia  no  closely  related  to  Oailriartru*  litUH  Martin,  sp., 
Pftrif.  DtTh..  Pl.xixv,  Fig,  S,  ilial  lliey  have  lieen  untied  liy  Gurow, 
Olhcrs  Mill  are  inclined  to  unite  it  with  Glyphioffraii  diaiiema  GoldfUss, 
while  many  would  join  it  with  QiutrUerrat  Joita  Verueul. 

From  G.joua  it  differs  in  the  almost  total  absence  of  spiral  ribs  or 
stritf,  and  in  the  wider  and  more  angular  umbilicus,  but  they  are  so 
similar  that  O.  marianum  may  be  considered  the  ancestor  of  O.  Joua. 

The  best  mark  of  separation  from  G.  lUlejH  is  the  greater  number  of 
coils  which  O,  marianam  has.  as  ronoy  ea  seven  being  known  on  a 
specimen  of  less  than  one  Inch  in  diameter. 

0.  Hngii  Hall  and  Whitfield,  t'  5.  Eipl.  Forlirlh  ParalUl.  iv.  p.  378. 
PI.  t[,  Fig.  D-14.  is  a  closely  related  form,  but  differs  in  having  the 
umbilical  slope  a  little  more  gentle,  the  angli-  with  the  axis  of  the  shell 
being  40-450.  while  that  of  O.  marianum  is  about  37°.  0.  kinffii  ha» 
fewer  whorls  to  the  same  diameter.  G,  marianam  also  has  the  external 
saddle  not  so  deeply  divided,  and  the  two  siphonal  lobes  are  wider  nnd 
become  somewhat  broadened  at  the  ends.  The  ribs  on  the  sides  of 
0.  marianum  are  much  stronger.     Weak  spiral  striie  are  seen  on  the 

The  tronsverae  lines  of  growth  form  incipient  undulations  on  the 
ventral  portion  of  the  siiell.  Strong  conalrictiona  occnr  both  on  the 
CAit  and  on  the  shell,  on  the  body  chamber,  as  well  aa  on  the  rest  of 
the  chambers,  becoming  weaker  with  age ;  their  numiier  is  about  three 
;  forward,  with  a  gentle  sinus  ]>oinliiig  back- 


B  whorl,  and  they  c 


The  ribs  arc  strong  on  the  sides,  forming  sharp  nodes  or  tubercles, 
and  are  continued  acniss  the  ventral  ]iorlion  by  fine  undulations. 
TuwKrds  the  centre  or  umbilicua  the  ribs  weaken  very  suddenly.  The 
auinres  arc  like  those  figured  by  Vcrncul,  but  show  also  the  small 
"  Mspenslve"  lobe  on  the  nmbilical  border,  as  described  and  figured 
by  Karpinsky. 

The  body  chamber  is  at  least  one  coll  in  length. 

Dimtntiont. — 8om<^  fragments  Indicate  a  size  of  not  less  than  two  nnd 
a  half  inches  in  diamt-ler.  The  moat  porfeel  specimen  has  Ihe  fnllow- 
ing  dimensions : 

■-H«iglil  of  last  whorl n 

'^temetor 30 

jftdtli  of  nmbiilcus u 

brcftilth  of  the  \m\  whorl  i-  iibi.ut  Iwo-thinls  of  llie  di.imeler  of 
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the   shell.     Angle  of  umbilicus  with  the  axis  of  the  shell  about   37^. 
These  measurements  agree  very  well  with  those  given  by  Karpinsky. 

The  smallest  of  the  Arkansas  specimens  gave  the  following  dimen- 
sions : 

MM. 

Diameter S.5 

Height  of  last  whorl 2.5 

Width  of  umbilicus 4.5 

Breadth  of  last  whorl 0.0 

These  measurements  agree  closely  with  the  measurements  Karpinsky 
gives  of  small  specimens  from  the  Urals.     The  proportions  would  be 

Diameter 1.00 

Height  of  last  whorl  ....    0.29 

Width  of  umbilicus 0.53 

Breadth  of  last  whorl 0.70 

These  proportions  agree  very  well  with  those  given  by  de  Verneul, 
Oeol.  Russie  d' Europe  et  des  Mont,  de  V  Oural,  Vol.  ii,  p.  369. 

Oecurrence. — This  species  was  originally  described  by  Verneul  from 
the  Upper  Carboniferous  limestone  of  Schartymka  in  eastern  Russia, 
C2,  and  does  not  occur  in  the  Artinsk  or  Lower  Permian  deposits, 
although  it  has  been  confused  by  many  authors  with  Gaatrioeeras 
jossrp,  which  is  characteristic  of  those  strata.  Karpinsky,  in  his  mono- 
graph on  the  Ammo/ieen  der  Artinnk-Stitfe,  i>i).  50  and  51,  describes  the 
diflercnces  that  se])aratc  G.  marunnnn  from  G.  Jo8S(f  and  G.  h'attri ; 
the  most  strikini^  of  these  disrinctions  is  that  on  G.  marianfuu  the  c«>n- 
strictions  have  a  wt-ak  sinus  pointing  backward,  while  on  the  others  it 
is  forward. 

We  have  therefore  at  least  some  evidence  of  an  Upper  Carboniferous 
sea,  stretching  from  the  Ural  mountains  eastward  to  the  Mississippi 
valley.  This  would  help  to  explain  the  fact  that  our  marine  Carbonifer- 
ous fauna  has  more  analogy  to  the  Asiatic  than  to  the  western  European 
fauna  of  the  same  age. 

G.  inaridimni  was  found  in  the  Upper  Coal  Measures  in  Scott  county, 
Ark.,  1  N.,  28  W.,  scetion  4,  southeast  (juarter  of  southeast  quarter. 
This,  or  a  very  closely  related  species,  occurs  also  in  the  Cisco  division 
of  the  Upi)er  Coal  Measures  of  Texas. 

G(fSt)'iort  r((f<,  sp.  indet.     PL  xx,  Fig.  1. 

In  the  young  stages  this  species  resembles  closely  G.  marianuiH  Ver- 
neul. but  the  umbilicus  is  nanower.  The  voung  whorl  has  also  a 
trapezoidal  cross-section,  each  succeedins;  whorl  becomiui;  more  hiirhlv 
arched,  until  all  resemblance  to  the  Ural  species  is  lost  in  the  adult 
stage. 

The  coil,  too.  shows  decidedly  the  phenomenon  called  by  Mojsisovics 
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"egression,"  by  which  is  meant  a  change  in  the  direction  of  the  spiral 
accompanied  by  widening  of  the  umbilicus,  so  that  with  age  it  flares 
open.  Even  with  the  wide  umbilicus  of  the  adult  stage,  this  species  is 
easily  distinguished  from  G.  marianum  by  its  narrower  and  more  highly 
arched  whorls. 

The  sides  of  the  whorl  are  ornamented  with  strong  tubercles,  which 
on  the  young  stages  are  like  those  of  G.  marianum,  but  on  the  adult 
form  ribs  reach  halfway  fnmi  the  umbilical  shoulders  to  the  ventral  i)or- 
tion  of  the  shell. 

Constrictions  are  seen  on  the  cast,  ab<mt  three  or  four  to  a  revolution. 
The  surface  of  the  shell  is  not  known.  The  sutures  are  like  those  of 
G.  marianum,  but  the  siphonal  or  external  lobes  are  somewhat  broader. 
and  the  lateral  lobes  are  longer,  narrower  and  more  pointed. 

The  lateral  saddle  is  broad,  rounded  and  considerably  shorter  than 
the  lateral  lobes.  There  is  also  a  small  auxiliary  or  "suspensive  "  lobe 
on  the  umbilical  shoulders,  like  that  of  G.  marianum.  The  sutures 
resemble  still  more  closely  those  of  Glyphioceras  diadema  Goldfuss  as 
figured  and  described  by  DeKoninck- in  Description  des  Animanx  Fos- 
siles  Terr.  Carbonif.  Belgique,  p.  574,  PI.  1,  Fig.  1,  e.  But  the  Belgian 
species  is  considerably  more  involute,  has  a  lower  whorl,  and  propor- 
tionally narrower  umbilicus.  Also  the  umbilical  ribs  are  much  Aveaker 
than  on  the  Arkansas  species. 

Verneul,  in  Geol.  Russie  d' Europe  et  des  Mont.  Oural,  Vol.  ii,  p.  1307, 
lias  described  a  goniatite  as  G,  diadema,  but  this  form  is  less  like  the 
Arkansas  species  than  the  Belgian  form.  In  addition  to  this,  there  is 
no  likelihood  that  all  the  forms  referred  to  G.  diadema  are  really  one 
species  It  is  quite  possible  that  the  Arkansas  species  may  be  identicjil 
with  one  of  the  many  varieties  ascribed  to  G.  diadema,  but  at  i)resent  it 
is  impossible  to  prove  this. 

Occurrence. — Several  badly  broken  casts  and  moulds  were  found  in 
the  Upper  Coal  Measures  of  Scott  county,  Arkansas,  1  X.,  28  W.,  sec- 
tion 4,  stmtheast  quarter  of  scmtheast  quarter,  associated  with  Gastrio- 
eeras  marianum  Verneul,  G.  glohulosum  Meek  and  Wort  hen,  IV'j- 
norites  sp.,  etc. 

Genus  Pabaleoocekah,  Hyatt.  Paralegoeeras  iotrense  Meek  and 
Worthen,  PI.  xix.  Figs.  1-8.  Goniafites  ioirensis  Meek  and. Worthen  ; 
Geol.  Sure,  of  Illinois,  Vol.  ii,  ]).  ;302.  PI.  xxx,  Fig.  8.  Parahfjo- 
ceras  iowense  M.  and  W  ,  Hyatt,  Proc.  Boston  Soc.  Xaf.  Hist.,  Vol. 
xxii,  1888,  p.  327.  Paraleyoceras  iowinse  M.  and  W.,  llyati. 
Geol.  Survey  of  Texas,  Fourth  Ann.  Report,  181)8,  p.  474.  Figs.  52- 
55.  Goniatites  missouriensis  Miller  and  Faber,  Jonrn.  Cinrin.  Soc. 
Nat.  Hist.,  Vol.  xiv,  p.  104,  PI.  vi.  Fig.  1. 

The  genus  Paralegoceras  is  extremely  rare,  being  known  herelnforc 
only  from  the  Coal  Measures  of  Iowa,  the  Upper  Carboniferous  and 
Aninsk  beds  of  Russia,  and  the  Bend  Formation  of  Texas,  and  in  the 
Upper  Coal  Measures  near  Kansas  City,  Missouri. 
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Thi?  ArkanMkB  specimen  le  »  septalf  vttel  thiti  whi-ii  iMtnpli-lt^  miut 
liuve  beeti  at  lcn8l  Tour  inch ea  iu  diniiieli^r.  Tbn  whorl  in  hrnoilcr and 
niundcr  llmD  on  the  Iowa  spedtncn,  hul  this  in  t'l  Ix!  expiwU')]  on  ■ 
yuung  individual  oinco  the  evolution  of  most  of  tbimc  forms  lakiw  place 
aner  this  manDer.  Tiie  whorU  arc  quite  Invotuic  aod  Iho  uinliiliciMb 
narrow  iin  the  joiiDg  shell,  becoming  wider  na  the  shell  grows  oldtr. 
The  surface  of  the  ca«t  is  smooth,  no  nm strict  ions  or  iilhf^r  ornamcnla- 
tinna  appearing  on  the  older  shell.  But  on  Ihc  younger  shell  the  an- 
bilical  shoulders  show  faint  ribs,  that  ihad?  off  into  fliif  nndulatiuni  oi 
tlic  sides.  Hf  att  lias  shown  the  same  thing  iu  Gfol.  Sfirvtn  TVzim,  Stf 
ond  Ann.  Report,  p.  8S5.  But  in  Texas  specimen  thti  ribs  perdnto*' 
oiiich  later  Htage  than  on  that  from  Arkansas. 

Dimetuiont. — Although  the  speciinen  wati  not  well  preservnd,  ih* 
measurements  of  the  entire  form  could  be  titUeti.     Thcv  were  nft  fnUovrs: 


Uiameler 55.5 

Height  of  last  whorl  from  iimbilleus .■•■>.   35.9 

Height  oflaet  whorl  from  top  of  inner  whorl 17.0 

WiiUh  of  umhillrUB JS.S 

All   inner  coll   taken    nut  of  Ihe  siimL'  Bpecimeu   ga*'e  Ihe  followtllft 


Ileiglit  of  laxt  whorl  from  umbilicni) 13.0 

Height  of  last  whorl  from  lop  of  inner  whorl 7.5 

Width  of  umbilicus 6.0 

These  show  the  inner  coils  to  be  much  lower.  Icks  highly  arched,  and 
less  embracing  than  the  outer  ones. 

Surfai-e  ,Wiirkingt.~On  Ihe  inner  whorls  a  trace  of  the  shell  is  pre- 
served, and  is  like  that  figured  by  Hyatt.  The  undulating  striv  are  like 
those  common  on  Ihe  Glgphioreriilida. 

Siit'irei. — The  sutures  are  like  those  figured  by  Meek  and  Worthen, 
but  the  siphonal  saddle  is  notched  by  a  HUiall  siphonal  lobe.  The  three 
cxiernal  lalcral  saddles  are  broadly  rounded,  while  the  lobes  are  sharply 
(lolnled.  The  lobes  arc  eleven  in  number,  three  on  each  side,  one  on 
each  umbilical  shoulder  (suspensive  lobe)  and  three  inicrnal,  that  is, 
covered  by  the  involution.  The  interior  lateral  lobes  and  Ihe  antisiph- 
onal  lobe  (dorsal)  are  very  sharp  and  long.  These  have  not  been  seen 
before  on  this  siJecies.  The  sutures  approach  very  closely  to  those  of 
G'Dlrioceras  n/tiifiiie  Zwelnjew,  but  P<iTiilfgocerag  louenttf  has  one  more 
pair  of  lobes  than  the  Ttussian  species  and  has  also  a  suspensive  lobe  on 
the  umbilical  shoulders.  In  the  latter  characteristic  J^ralegoeerai 
io'fri.if  resembles  P.  lefhrriiytrheiei  Karpinsky  (Ammonetn  der  Arttiuk- 
Sf'ifr,  ]<.  a-i.  I'l.  iii.  Fig.  1).     Karpinsky  (In-:  rif,).  has  emended  Hyatt'a 
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genus  to  embrace  those  forms  with  two  lateral  lobes  and  a  ''suspen- 
si^e  "  lobe  on  the  umbilical  shoulders.  Hyatt,  in  the  Oeologieal  Survey 
of  Texas,  Second  Annual  Report,  1891,  p.  855,  emended  the  genus  Paral- 
egoeeroM  to  include  those  forms  with  the  second  lateral  lobe  on  the 
umbilical  shoulders,  and  he  included  in  it  Gastrioceras  russiense  Zweta- 
jew.  But  the  Russian  species  has  the  suspensive  lobe  on  the  side  and 
has  only  nine  lobes  in  all,  and  thus  ought  to  remain  in  the  group  char- 
acterized as  OaBtrioeeraB , 

In  the  Fourth  Anmial  Report  of  the  Oeologieal  Survey  of  Texas,  1893, 
p.  474,  Hyatt  has  described  under  the  name  of  Paralegoeeras  iowense 
Meek  and  Worthen,  a  goniatite  from  the  Bend  Formation  of  Texas. 
But  the  lobes  are  not  exactly  like  those  of  the  Iowa  Coal  Measures  spe- 
-cies,  the  third  lateral  saddle  is  on  the  umbilical  shoulders,  and  the 
young  shell  is  marked  with  ribs  wliich  form  well-defined  tubercles,  even 
on  the  older  shell.  These  differences  were  explained  by  the  supposition 
that  the  Texas  specimen  was  the  young  of  Paralegoeeras  iowense,  and 
might  thus  naturally  show  them.  But  since  the  Arkansas  specimen  is 
a  young  one  and  still  shows  all  the  characteristics  of  the  adult,  it 
becomes  very  likely  that  the  Texas  specimen  belongs  to  another  species. 

There  is  also  another  reason  why  this  is  probable.  The  Bend  Forma- 
tion is  called  Coal  Measures  by  the  Geological  Survey  of  Texas,  but  its 
fauna  seems  to  be  identical  with  that  of  the  Favettcville  shale  of 
Arkansas,  which  belongs  to  the  Lower  Carboniferous,  and  probably  to 
the  Warsaw  or  St.  Louis  division.  Species  that  are  almost  certainly 
identical  with  Olyphioceras  incisum  Hyatt  and  G.  cumminsi  Hyatt  have 
been  collected  in  the  Fayetteville  shale  of  Arkansas.  And  since  these 
goniatites  have  unusually  only  a  limited  stratigraphic  range,  it  is  very 
probable  that  the  species  from  the  Bend  Formation  is  not  identical  with 
that  from  the  Coal  Measures. 

Occurrence — A  single  specimen  oi  Paralegoeeras  iowense  was  found  in 
Arkansas,  in  the  Lower  Coal  Measures  of  Conway  county,  5  N.,  16  W., 
section  17,  near  centre  of  north  half.  The  species  was  originally 
described  from  the  Coal  Measures  of  Iowa  and  since  then  has  not  been 
cited  from  any  other  locality  up  to  the  present  occurrence,  unless  the 
Texas  species  of  Hyatt  should  be  the  same.  There  can,  however,  be 
very  little  doubt  that  Goniatites  mlHSouriensis  Miller  and  Faber  (Journ. 
Cincinnati  Soc.  Nat.  Hist.,  Vol.  xiv,  p.  164,  PI.  vi,  Fig.  1),  from  the 
Upper  Coal  Measures  of  Missouri,  near  Kansas  City,  is  identical  with 
Paralegoeeras  iowense  Meek  and  Worthen. 

Family  Proleca  nit  idee  Hyatt. 

The  Prolecanitida>,  as  originally  described  by  Hyatt,*  included  cer- 
tain elements  that  do  not  belong  to  this  stock  ;  but,  as  revised  by  Kar- 
pinsky,f  it  forms  the  mo.st  perfect  genetic  series  known,  radiating  from 

•  iVoc  Bodon  Soe.  Nat.  Ilia.,  Vol.  xzii.  p.  :)31. 
iAmmofneen  der  Artintk'Stufe,  pp.  41-45. 
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n  ratllcltt.  Ibtrgierrita,  in  Bevur&l  pnmllbl  uerleii  or  HnbfaiuUir*. 
Ini'luding  the  McdUeotUnir,  ttie  Norittna,  nnil  the  Liranitinit  .if  Itac 
Pi-rmian  and  Trias.  Hie  PiunrneerntirUt  nt  the  Triiw,  anil  Ih*  Awiltlui 
(fdi  of  ilti^  Trins,  Jiiru  and  Cretaceons. 

Dr.  K.  von  ZitlPl*  says  Hint  this  ftiinily  probfthly  also  gavp  rl»*  to  ilic 
Crrntitida  of  the  Pcnuian  unil  Triao, 

lii'inis  PaOKOBITES,  JtoJBisOVK"!. 

In  the  adiilr  atago  ProiiorilfK  \»  (liM'uidHl,  lius  hijih,  iiHrruw  wluirt, 
vrlUi  iienrly  pnniilel  sides,  is  very  invnhitc,  iind  hits  nnmiw  timtijliiti*, 

Thu  siphonal  lofae  is  ihree-painu^,  the  ttrei  laiemi  lobe  dlvidiil  inio 
two  or  three  parts  by  epcnndary  BiniltieH,  In  adtlitiiio  W  thosr  thm-  bpt 
»ovcrat  auxiliary  lateral  liihcn.  three  to  $lx.  Ml  allghtly  poinlrd.  niillc 
all  the  saddles  are  rounded.  No  conelrictloiis  or  other  Hurfiicv  ornumrn- 
tuliana  tiro  known,  except  tluit  on  the  ndnlt  body-chamlmr  raini  riV 
have  been  ohserTed, 

The  first  septniu  of  Proiiariirt  is  lalisellnlf,  and  tlie  brtwd  tdnus  i*  soon 
divided  by  a  aiphonnl  iobc  into  two  lalentl  sinitses  (PI.  Kxlll.  Tiji  ") 
This  in  the  end  of  the  embryonic  ntage,  in  which  the  shell  is  cecn  tu 
belong  to  an  nminonoiit  cephalopiid.  hiit  the  family  w  not  yet  iudlniird. 

In  the  next  stage  the  lateral  sinusei)  are  Babdl*ide<l  by  broad,  raunded 
InhM ;  the  sutures  then  resemble  those  of  Goniatilet  (Thrrgierrnti  utra- 
gonni  Roemcr  of  the  Upper  Devoiiinu.  and  the  shell  is  In  the  heifinDlDs 
of  llic  l;irvul  or  iiejiiDnic  slU!^.'  (PI.  wiv.  Fi.;.  %i)  :  a  lillle  f\>nh,-r  on  Un- 
sniures  are  lilte  lliosc  of  n  Prolefo„ile»  {P.  mriH-iiliiiui  Phillips),  and 
Hie  larviil  singe  is  approiiehing  its  end, 

III  the  following  or  nciinic  stage  Ihe  siphonal  lolie  becomes  Ihree- 
poinied.  nnd  llic  shell  corresponds  In  Bir'iprolee/iiiitti  KaTpinsky,f  and 
iis  family  iLffinities  are  beyond  doubt  (PI,  xxiv,  Fig.  Ob). 

Sviih  Ihe  adult  or  ephehic  stage  the  first  lateral  lotie  becomes  diride<l 
into  iwo  or  three  parts  (PI.  xxiv.  Fig.  Of-/).  With  this  eiage  Ihe  genos 
ProiioriUn  slops.  But  (.iemmi'IInrot  has  described  from  Hie  Permian  of 
Sicily  a  further  development  of  lliis  form  in  the  genus  Parapronoritft. 
in  which  Ihe  double  laterat  iotie  and  xome  of  the  einiple  ones  become 
serrated. 

.Vnother  line  of  development  of  Proiiorilta  has  been  described  by 
OciDUicllaro  {np.  eit.)  as  Sicinles.  in  which  all  the  lateral  lobes 
bcciuiic  double  Hite  the  first  one.  The  next  lii^her  stages  are  given  bv 
Mi'dlUollin  Wangen.  in  uhich  liic  siphiinal  saddles  l)ecome  Indented  and 
amimmitic.  Karpinsky^  slion's  that  Jff^lieoilin  in  its  developnteni 
^ocs  tbniugh  the  Iliergkertit,  ProlroiniUt,  ParaproUraiiiten,  Pronorilet. 
^iritnUe»  and  PromrflHi-oUiii  stages, 

■  Gritwliaqt  ilrr  PalseoHtalartie.  1^85.  p.  400. 
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Thus  the  finding  of  Pronorites  in  Arkansas  is  of  great  importance, 
since  it  is  the  ancestor  of  a  form  Afedlicotfia,  which  though  unknown 
in  Arkansas,  has  been  found  at  no  trreat  distance  awav  in  the  Texas  Per- 
mian.»    Pronorites,  on  the  other  hand,  has  not  yet  been  found  in  Texas. 

These  occurrences  help  to  prove  the  continuity  of  life  from  the  Car- 
boniferous into  the  Permian,  and  to  show  that  the  same  conditions 
existed  here  as  in  the  x^rtinsk  region  of  the  Ural  mountains,  where  the 
Carboniferous  beds  contain  the  goniatites  out  of  Avhich  most  of  the  Per- 
mian ammonites  were  developed. 

Pronorites  cyclolohus  Phillips,  variety  arkansieiisiH  J.  P.  Smith,  PI.  xxiv, 
Figs.  1-4.  Goniatites  cyclolohus  Phillips,  Oeol.  Yorkshire,  Vol.  ii, 
p.  237,  PI.  XX,  Figs.  40-42.  Goniatites  cyclolohus  Phillips,  Vorneul, 
Geol.  Russia  and  the  Ural  Mountains,  Vol.  ii,  p.  370,  PI.  xxvi,  Fig.  4. 
Goniatites  cyclolohus  Phillips,  Roemer,  PaUfontograpJiica ,  ix.  p. 
167,  PI.  xxvii,  Fig.  1.  Goniatites  cyclolohus  Phillips,  DeKoninck, 
Faune  calc.  Carh.  Belg.,  Vol.  ii,  p.  121,  PI.  1,  Figs.  5,  G.  Pronorites 
cyclolohus  Phillips,  (variety  uralensis)  Karpinsky,  Mem.  Acad.  Ln- 
per.  Sci.  St.  Petershourg,  vii  series.  Tome  37,  No.  2,  p.  8,  PI.  i.  Fig.  4. 

Phillips*  original  description  of  Goniatites  cyclolohus  is  as  follows : 
"Discoid,  sides  flat,  back  broad,  inner  whorls  half  concealed,  septa 
with  four  round  lateral  lobes,  a  small  double  dorsal  lobe,  and  small 
acute  dorsal  sinuses,  the  first  lateral  sinus  double,  the  others  simple,  all 
round." 

This  description  is  too  meagre  to  be  of  more  than  generic  value,  and 
also  the  term  "dorsal "  is  used  where  now  "abdominal  "  is  in  common 
use. 

The  shell  Ls  smooth,  discoidal,  very  involute.  The  sides  are  nearly 
parallel  and  the  breadth  increases  very  slowly  ;  the  abdominal  shoul- 
ders are  nearly  square,  and  the  abdomen  flat.  The  whorls  are  deeply 
embracing  and  increase  rapidly  in  height.  The  umbilical  shoulders  are 
square,  the  umbilicus  narrow  and  deep,  and  increases  slowly  in  diame- 
ter. 

Dimensions. — ^The  specimen,  which  was  septate  throughout,  gave  the 
following  dimensions : 

MM 

Diameter :U.O 

Height  of  last  whorl  from  umbilical  shoulders 17.5 

Breadth 10.0 

Width  of  umbilicus 7.0 

This  gives  the  proportions  :  1  :  0.5  :  0.20  :  0.20  :  which  agree  almost 
exactly  with  Karpinsky *s  figures,  1  :  0.5  :  0.30  :  0.20.  On  the  Arkansas 
specimen  the  involution  is  shown  by  the  height  of  the  last  wliorl  trom 
the  top  of  the  next  inner  one,   12.5  mm.   as   compared  with   (he  total 

•C.  A-  White,  Bull.  77  U.  S.  Oeol.  Survey,  p.  21. 


height  of  the  whorl  which  is  17.5  mm.    No  mtetsiirattoiitB  of  thk  nil- 
tlon  wei«  shown  on  the  RnstiAn  specimen. 

This  description  applies  only  to  the  ndnlt  shell*  Ihe  nik^%  mmmn- 
ments  of  the  nepionic  end  neanio  shells  being  Teiy  different,  fhs 
Arkansas  specimen  showed  only  the  last  whori,  but  tte  yoong  ilsgsi 
have  been  worked  ont  by  Karpinsky,*  tnm  whose  work  the  Mlowlng 
description  is  translated :  "  Aroond  the  cyUndrical  embrjonie  chamber 
(PI.  xxiii,  Fig.  8)  are  coiled  very  eyolute  whoils,  whose  InTolmtloa 
increases  gradually,  but  at  first  only  in  slight  measure  (PL  zziT»  Ffg.  8)- 
So,  for  example,  the  foarth  whorl  embraces  at  the  beginning  only  about 
one-fbnrth  of  the  preceding ;  thus  the  height  of  the  OTdinte  portiOB  of 
this  fourth  whorl  is  six  or  seven  times  as  great  as  that  oi  its  own  InTO- 
late  portion. 

With  later  stages  of  growth  the  involutiim  increases  so  thai  tlw 
whorls  become  finally  completely  embracing,  and  probably  eoncesl  a 
portion  of  the  nmbilicns.  Because  of  this  mode  of  growth  the  nmblH- 
ens  appears  at  first  broad,  and  increasing  rapidly,  then  only  gradnally, 
and  finally  not  at  all,  while  the  whorl  continues  to  grow  In  heii^t  with 
great  rapidity.  Thus,  at  a  diameter  of  the  whori  of  four  or  Uto  mUfi- 
meters,  the  umbilicus  is  about  one-half  of  the  total  diameter,  and  at 
thirty  mm.  only  about  one-fifth.  The  first  and  seoond  wlK»la  haTO  a 
broad  elliptical  cross-section  (PI.  xxiv.  Fig.  8),  while  thai  of  the  ooeoeed- 
ing  whorls  becomes  higher,  with  the  long  elliptical  axis  TerHcal  (PI.  sxlr. 
Fig.  6),  and  then  finally  the  flanks  are  bounded  by  almost  parallel  lines 
and  the  siphonal  side  is  only  slightly  arched." 

Ontogeny,  According  to  Ear  pin  sky,  f  the  first  or  typembryonic  stage  is 
latisellaie,  that  is  the  suture  consists  of  a  broad  abdominal  saddle  ;  this 
saddle  is  next  divided  by  a  broad  siphonal  lobe  (PI.  xxiii.  Fig.  7>. 

The  next  stage  corresponds  to  the  genus  Ibergieeras  Karpinsky,  of  which 
Gon.  tetragonus  Roemer,  of  the  Upper  Devonian,  is  the  type ;  in  this 
the  whorls  are  broad,  low  and  only  slightly  embracing,  the  umbilicus 
wide  and  shallow.  The  sutures  consist  of  a  long  rather  narrow  sipho- 
nal lobe,  and  two  broadly  rounded  lateral  lobes.  This  is  the  nepionic 
or  larval  stage  (PL  xxiv,  Fig.  9a).  In  the  continuation  of  this  stage  the 
whorls  become  higher,  and  the  lobes  more  complicated,  corresponding 
to  the  genus  FrolecaniteSy  of  which  Oon.  henslotoi  Phillips  and  Oan, 
serpentinus  Phillips  are  types. 

In  the  next  stage  the  shape  of  shell  does  change  materially,  but  the 
siphonal  lobe  becomes  three-pointed  (PI.  xxiv.  Fig.  96);  this  is  the 
neanic  or  youthful  stage,  and  corresponds  to  the  genus  JPlaraproleeaniUt 
Karpinsky,  of  which  the  type  is  Gon,  mixolobiis  Sandberger  (not  Phil- 
lips) ( Verstein,  Rliein.  Schichten- System  in  Nassau,  p.  67,  PI.  iii.  Fig. 
13?;  PI.  ix,  Fig.  6). 

The  further  development  consists  in  the  division  of  the  first  lateral 

•  Ammoneen  der  ArtinA-SluSet  p.  8. 
t  Qp.  at.,  p.  ietteq. 
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lohe  by  nceconilBrf  saddle:  Ihs  fhell  in  Ihen   in  the  eplieliic  onulult 
•tajiie,  ami  in  PronoriUt  gets  no  liigher  in  its  developnient. 

Tlie  eulnres  are  then  constniil  in  stinpe,  and  consist  of  a  lliree-pniuled 
sipbnnni  lobe,  a  flrat  Inleral  lobe  deeply  divided  by  a  eecundary  saddle 
nod  Ave  sei^ondarj  lalcrul  lolies  outside  the  umbilical  border,  and  one 
on  the  umbilical  shouldor.  All  ibe  lobes  are  pointed,  and  tbe  saddles 
manded.    The  inner  iobcB,  covered  by  the  involution,  are  unknown. 

Thcsntnres.  as  figured  on  PI,  xliv,  Fl^.  4.  itliowsome  differenees  IVoni 
ibuoe  tignred  by  Phillips.  PI.  niii.  Fig.  it,  and  by  Karpinsky.*  PI.  ixiv. 
Fig.  ^.  On  Ibe  Arkansas  sper.lmen  tbe  three -pointed  sipbonal  lobe  is 
longer  than  on  tbe  type  of  PliillipB,  or  the  variety  P.  tyclolobut,  variety 
nraltjtrii  Eaqiinsky,  tbe  secondary  sinus  on  the  first  lateral  lobe  is  deeper, 
and  the  sceond  lateral  lobe  is  proporlionally  longer.  In  this  the  Arkan- 
saa  apeclmen  does  not  depart  ftirtlier  from  the  type  than  ihe  variety 
iraUiuiit.  Bnl  if  this  ditTerencc  should  be  Choitghi  to  he  <it  sufficient 
importance  lo  charaeteriM  ft  new  variety,  the  ntnae  P.  eyeli/lobiiii  Phil- 
lips, variety  arkaaiinniit  Is  proposed. 

Aip/itM  Markings. — The  shell  ia  smooth  and  devoid  of  (■onslrictiona 
iirolliBrornameniatian,  hut  on  the  body  chaiuher  of  the  adull,  Kur- 
;dn*kyt  observed  neak  ribs,  that  are  stronger  on  tbe  abdomen  and  gn>w 
ueaker  towards  Ihe  umbilieus, 

Jffinilit*. — This  appciRS  is  certainly  n  variety  of  ProaoHtei  f.yclolobvt 
I^hillips  ( Geol.  ToTkthirt.  Vol.  li,  p.  837.  PI.  sit.  Figs.  40-42),  but  is  more 
In  vu)  ale  at  Ihe  corresponding  diaineier.  and  has  a  narrower  umbilicus 
snil  a  greater  number  of  lateral  lobes.  Specimens  described  by  De 
Koninckl  from  Belgium,  and  by  Roemerg  from  the  Hartz  mounlains  in 
GemuiDy,  agree  perfectly  with  the  type  of  PrnaoHtft  (.yelolobui ;  tbe 
Gngliab.  Belgian  and  German  beds,  in  which  the  species  was  found,  are 
all  older  than  the  Lower  Coal  Measure  horizon  in  Arkansas  In  which  It 
»»«  found,  and  considerably  older  than  the  Upper  Carboniferous  limo- 
'.  in  which  it  was  found  in  the  Ural  mountains  From  this  Kar- 
plnaky)  thinks  the  variety  iiriUrntit  represents  a  mutation  from  Ihe  type 
'Of  Ibe  ajiecles. 

Thr  forro  from  the  Pyrenees  described  hy  BarroisK  as  Prnnotite* 
KiirMobat  Phillips  has  been  shown  by  Karpinaky**  to  be  a  new  specicB, 
t*.  barroUi  Rarpinsky.  This  form  ia  more  evolute  than  even  Ihe  lype 
of  p.  egtiolobut,  and  its  iolies  and  saddles  are  broader  and  also  less 
saumerons. 

OeeuTTtnei. — Pranorilri  fyfUdobut  Phillips,  variety  itrkoimintUi  .].V, 
Smith,   was  found  with  OmlrMMnin  bntnnrri.  sp.,  nov.  ,1.  P.  Sniilh,  in 

*  A'timnem  JtT  ArHnttSlulf,  y],  I.  Fig.  1 1. 
t  Op.  rU..  p.  s.  PI.  I,  ns.  1 1^  Slid  J. 

(  fUmr.  da  (>i/r,  f  lirftm  BHgiqnt,  Vol.  11.  p.  m.  PI.  I.  Fig-.  5  nni!  fl. 
(fWDnUprauftlra.  Vol.  Ii,  p.  187.  PI.  Uvlt.  Fig.  1. 
f.  AMmk-Slv/t.  p.  ' 


f.  d'A«nirtM(»lf<loOa;iM,  1W2,  p.  396.  PI.  »lv.  Fig,  2, 
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ArkttnsM.  nn  Piliil  moanUin.  CnrroU  connty,  ihren  unil  a  half  mil 
wiuihwesl  t>r  Vnllty  SpringB.  in  17  N,.  IB  W..  setlion  18,  nonbM 
(-orncr,  in  thn  Lower  Coal  Measureti.  so-cnllcd  "  HilUtnnc  Qrit."  T 
UerfH  are  tulleJ  A  10  in  Prof  H.  B.  WilliaiDB'  wcUon  ;  li«]ow  tli»ni  : 
nfty-llTB  feet  of  micAc^eous  sandelonea  kdiI  Klutlfu  (A  8  at  tlie  nH'iiai 
and  below  thai  cospse,  red liish -brown  fiiBniliferowH  liiiieston«,  sapjNM 
lo  rtprosent  tlie  CUesler  liorison  otlh<i  Loww  Carbon  if  crouB. 

Tlie  type  figured  on  PI.  xxiv.  Figs.  1-4.  is  the  property  of  the  L'liiUt. 
StHii-4  Ofologieal  Bnrvey  (Natiooal  Museum),  calalo^iio  nunilier 
1873.    The  writer  is  indebted  10  Prof.  H.  S.  WilHiuus  for  the  use  a 
typi-. 

Other  LocuMUt  —Pronorittt  cgelolobua  kae  beeu  found  lu  En^latidti 
the  upper  iiart  of  the  Mountain  llineMonc  ;  in  Belgium  in  the  limustitM 
of  \\»A  :  In  ihc  Kolileukalk  of  Ihe  Haru.  iu  Gormauy.  aod  tli«'  vaiict^' 
ariiUnti*  lias  been  found  iu  Itassia  in  tlie  I'pper  Curbunifenius 
stone  of  Ihp  Ural  mountains  in  C  2  of  the  Bdction. 

I'Tonoriltt,  ap.  indet.,  P!.  xx.  Fig.  S. 

Ill  rlie  UpporCoal  Muu^uresbadsof  ticultrnunty,  Arkansas.  1  N  .3SV, 
seetion  4,  soutbeaal  quarter  of  southeast  iiuarirr,  vu  found  a  single  trag^ 
meat  timt  aeeuis  lo  belong  to  ihia  genus.  It  la  Beptate.  and  luuai 
belonged  In  nn  individual  about  twu  and  a  Itolf  Inchea  in  diameter.  TUi 
Kidesar«  smooth  and  little  embracing  and  almost  parallel ;  Ihe  cnJHHi 
I  bin  MMil  diseoidBl,  Hiid  Ibe  ventral  or  externnl  portion  -ieemn  In  beonlf 
sli^btly  ari-bvd.  From  Ihc  iimbiticus  towards  Ihe  ventral  ptirtiim  are 
seen  live  lateral  lobes  that  are  long  and  pointed.  Ihe  saddles  being  some- 
whui  rounded.  Tbe  xiplional  lobe  and  part  of  the  flrsi  lateral  lol>e  arc 
no!  sei'n,  that  purl  of  Ibe  shell  being  worn  so  lliat  they  cannot  be  made 
out,  bnl  enough  of  Ihe  first  lutcm!  lobe  is  visible  to  show  the  seeondsrj 
saddle  that  divides  it.  The  sepia  are  very  elose  together,  as  seems  to  be 
the  mse  on  all  species  of  lliia  jienus. 

Tile  nearest  known  relative  is  l*riiHorile»  eyeloUibas  Phillips,  var. 
•ir.ileaait  Karpinsky,  Die  Amiituiieei,  iler  Arlimk-Stufe,  p.  8,  PI.  i.  Fig, 4. 
The  lobes  figured  on  PI.  i.  Fig.  4.  of  Karpinsky's  monograph  are  very 
like  those  of  the  specimen  from  Scott  county,  and  the  general  shape  of 
the  coil,  Ibe  height  iitul  Mie  amount  of  the  involution  are  about  the  same 
•HI  both. 

Class  Cruxt<,ce'>. 

Order  TriMUir. 

Genus  Piiii.i.LrsiA,  Porllock      PhUUpam  diftonentU  Sbumard,  PI.  ijii. 

Fig.  3.     PhiHi]»i.i  cliflo>itii»i»  Shumard,  Trant.  St.  L.  Ae.  S(x.,So\. 

i.  p.  22(1.     Compare  PhiUiptia   seituln   Meek   and   Wortben,    F.  B. 

Meek.  r.  .<.  Oeol.  S'lrc.  Nebr'itkii,  p.  238,  PI.  vi,  Fig.  ». 

A     hingle   well-preserved   pygidium   seems   to   belong  lo  Sbnmard't 
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species.  It  is  longer  than  wide,  sc mi-elliptical.  The  axis  is  very  promi- 
nent, has  from  thirteen  to  fourteen  segments,  ami  the  furrows  on  eacli 
side  are  deep.  The  segments  on  the  lateral  lohes  are  sharply  defined 
and  are  eight  in  numher;  Shumard  mentions  only  seven  on  his  speci- 
men, but  that  slight  difference  is  no  obstacle  to  identity  of  species,  since 
the  number  varies  with  age.  These  lateral  segments  do  not  reach  the 
border,  but  tenuinate  in  a  lateral  furrow  which  surrounds  the  pygi- 
clium.  The  species  is  closely  related  to  P.  itcitula  Meek  and  Worthcn, 
but  that  species  has  only  eleven  axis  segments  and  seven  on  the  sides. 
Week  was  of  the  opinion  that  the  specimen  described  as  P.  Hcitula  in 
l\  >'.  Oeol.  Surr.  Xebrtiskfi,  p.  238.  might  very  possibly  belong  to 
7*.  cUftonfUHiH,  but  Shumard  had  seen  only  a  pygidium  and  had  no 
means  of  chanicterizing  the  rest  of  the  body. 

PfiiViima  major  Shumard.  figured  by  Meek  in  U.  S.  Geol.  Sure. 
Ntbrni^hi,  PI  iii.  Fig.  2.  grows  much  larger  than  our  specimen,  and  has 
twenty-two  to  twenty-three  segments  on  the  axis  and  twelve  to  thir- 
teen on  the  sides.  These  end  abruptly  at  the  latenil  furrow,  which  is 
much  wider  than  that  on  P.  eUftontnsis. 

Ocrurrt-nee  and  Locality. — A  single  well-preserved  pygidium  was 
found  in  the  Upper  Coal  Measures  of  Poteau  mountain,  Indian  Terri- 
tory, associated  with  a  fauna  similar  to  that  of  the  Upper  Coal  Measures 
or  Permo-Carboniferous  of  Nebraska. 

PhilUpsia  (Onffithides)  scitnla  Meek  and  Worthen.  7V/r.  Ac  Sri.  Philn., 
IHIio.  p.  270,  and  Pahont.  111.,  Vol.  v,  p.  012,  PI.  xxxii.  Fig.  :t. 

A  pygidium  from  the  Lower  Coal  Measures  of  White  county.  Arkan- 
sas, il  N..  4  W.,  section  0,  and  another  from  similar  strata  in  0  N.,  5  W., 
section  1,  show  the  chanicteristics  of  this  species,  but  are  too  imperfeet 
to  figure 

PJiUUima.  sp. 

In  the  Lower  Coal  Measures  of  Johnson  county.  Arkansas.  11  N..  24 
W..  section  26,  southeast  quarter  of  southwest  (piarter.  was  found  a 
pygidium  of  Phillipsia  that  could  not  be  identified  with  certainly. 
although  it  probably  belongs  to  one  of  the  known  species. 

Phillipsia  {OHffithideB)  ornata  A.W.Vogdes.  PI.  xxii,  Fig.  6.  (h'ijfithiih>i 
ornata  A.  W.  Vogdes,  I^or.  Cal.  Acad.  Sri..  Ser.  ii,  Vol.  iv,  p.  5Mii, 
•'Notes  on  Palaeozoic  Crustacea,  No.  4.  On  a  New  Trilobite  tVoni 
Arkansas  Lower  Coal  Measures,"  by  A.  W.  Vogdes. 

The  following  description  is  coi>ied  from  an  advance  sheet  kindly  fur- 
nished by  Capt.  Vogdes  : 

'*The  only  specimen  of  this  new  species  was  discovered  in  Conway 
county,  Arkansas,  and  consists  of  a  head   shield  which  is  iintortiiiiat«l  v 
not  quite  perfect,  only  exhibiting  the  right  side  and  |»ari  ofilie  </lal»cll;i. 
with  portions  of  the  thorax  and  an  entire  pyiridiuni  ;  but  it  >lio\\>.  -ufli 
cient  new  characters  to  authorize  us  in  con-^idering  it  a^  a  new  «-peeir^. 


imiihl  ^'«  l«tj,   , 

"The  lirad  shown  thai  the  latern-poHtrrlor  anglen  are  produiMHl  imrl 
short  spioeH  exteodiag  to  about  the  third  eegmenl  of  the  ihAnti:.  tb>^ 
glahella  is  pyrifornj,  gibbons  li)  front,  and  destitute  of  lateral  furwwi; 
basal  lobca  promlaent      Thi?  posterior  border  of  the  glabrlln  has  Iwo 
sinnll.  round  nodei.     The  cervical  lobe  is  brond  and  well  marked,  mnrb 
hronder  than  the  axial  loheR. 

'■The  thorax  exhibits  imperfectly  parls  of  the  pleiirw  nod  also  Ihe  axv. 
Thomx  with  nine  segnients.  The  axis  shone  a  series  of  nodes  ninniiie 
through  the  centre  of  each  ring.  The  pleunt  are  smoolh,  each  plci 
groove  extending  slightly  beyond  the  fulcra!  point  ;  the  extremities 
probably  rounded,  but  this  is  not  indicated  by  the  imperfect  spcciaWKl 
now  before  ns. 

"The  pyt^idlara  exhibits  both  in  the  axi»  and  iHloral   1ol>e:' diMtoct 
segmentation.     The  axis  doe«  not.  exiend  to  the  posterior  marj^n.     ' 
entire  pygidium  ie  sarronnded  by  a  marginal  border,  which  widens  oni 
allghlly  anteriorly. 

"  The  t&il  is  parabolic  in  form,  very  convex  und  not  as  broad  b»  [he 
head,  moasnring  on  its  anterior  border  13  mm.  The  axis  is  broad,  con- 
ical and  prominent,  occupying  a  llllle  less  than  one-third  the  width  of 
the  tall  on  the  anterior  margin.  It  is  market!  with  eleven  rings  :  ibe»p 
become  smaller  and  smailDrand  end  in  an  obtuse  p<rint.  Bach  ring  u> 
distinctly  ornamented  along  the  centre  by  a  series  of  nodes,  arrangrd 
into  three  double  rows  of  two  ench.     The  sides  of  the  axis  are  smoolb. 

"The  Ipleral  lobe?  are  slifjlilly  fiiitifned  on  Hip  to  thi>  niU-nil  point 
They  are  marked  with  seven  pleurie  ;  the  grooves  between  the  pleui* 
are  deep  and  distinct,  each  being  rounded  on  top  and  ornamented  wiih 
a  single  node  at  the  fulcral  point;  here  they  bend  suddenly  and  join 
the  marginal  border. 

"Locality  and  Po»ition. — Lower  Coal  Measures,  T.  5  N..  R.  16  \V.. 
section  IT,  near  centre  of  northwest  quarter  of  the  section,  Conway 
county,  Arkansas.     From  the  collection  of  the  Geological    Survey  of 

"Affinititt  and  Diftrenct*. — This  species  in  some  of  its  features  resem- 
bles Philliptia  riemeri  Moller  ( Ueber  dU  TriloMlen  SteinkohUnformatioi, 
dft  Ural,  PI.  it,  Fig.  17).  especially  in  the  markings  of  the  (all.  which 
shows  seven  plenrte  ornamented  by  a  single  node  at  the  fulcra)  joint, 
but  il  differs  in  form  and  especially  in  the  marking  of  the  axial  lobe,  so 
much  BO  that  It  could  not  be  placed  under  Moller's  species.  There  is 
also  a  resemblance  of  this  species  wilh  Pkitiipiia  (OnJpihuSri')  icitata 
Meek  and  Worthen,  from  the  Illinois  Coal  Measures.  It  has  the  same 
number  of  ringx  in  the  axis  of  the  tail,  and  the  same  characteristic 
pleurte  and  ornamentation,  but  the  Arkansas  species  differs  greatly  in 
size  and  also  in  the  number  of  pleurtp,  seven  instead  of  six.  The  axi^ 
is  not  as  wide  as  in  OHpthidt»  sriliihi  and  not  distinctly  flattened  on 
each  side.  The  limb,  although  moderately  wide  and  smooth,  ie  not 
dejireKKCil  or  nearly  Hat,  but  convex.     Secondly,  the  ornamenl&tioD  of 
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the  axis  is  entirely  diflferent,  so  much  so  that  it  would  not  warrant  its 
reference  to  the  Illinois  species. 

**  It  is  doubtful  in  our  present  state  of  knowledge  whether  PhilUpsia 
(  Orifflthides)  scitula  M.  and  W.  should  not  be  referred  to  the  older  name 
of  Phillipsia  cliftonemis  Shumard,  from  the  Upper  Coal  Measures, 
Clifton  Park,  Kansas,  described  from  a  pygidium.  Dr.  Shumard  says 
that  the  axis  has  from  thirteen  to  fourteen  subgranulose  rings  and  seven 
side  segments.  A  thorough  study  of  all  these  allied  species  may  neces- 
sitate their  reference  to  the  older  name ;  but  for  the  present  it  would  be 
advisable  to  give  the  Arkansas  species  a  new  name  on  account  of  the 
ornamentation  of  its  tail." 

Class  Arachnoidea, 
Order  Xiphoaura, 

Genus  undetermined.     Prestwichia  ? 

In  the  Lower  Coal  Measures  of  White  county,  Arkansas,  9  N.,  4  W., 
section  6,  was  found  the  mould  of  a  part  of  the  body  of  a  crustacean 
that  seems  to  belong  to  the  family  of  the  Hemiaspidce,  and  yet  differs 
from  all  known  genera  of  this  family  in  being  armed  w^ith  two  rows  of 
spines  instead  of  only  one. 

Too  little  of  the  body  is  known  for  a  generic  description. 
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Fig.  8.    P.  i&weme,  nitnres. 

8  a.  Satnres  taken  fh>m  the  inner  whorl  of  95  maiimetert 

diameter. 
8  d.  Sutares  on  the  outer  whorl. 
Fig.  4.     OlyphioeerM  diadema  QoldtoM,  showing  derelopnwnt  of  the 

satnrea  (after  Branco,  I\ilmontographiea,  Vol.  zxrii,  PI. 
ix.  Fig.  1). 
4  a.  First  Batnre. 
4  b,  Second  sutnre. 
4  c.  Third  sutnre. 
4  d.  At  1.25  millimetres  diameter. 

4  0.  At  2.25  millimetres. 
4/.  Adult. 

Fig.  5.     Tomocera$  retronum  ▼.  Buch  (after  Branco). 

5  a.  First  suture. 

6  b.  Second  suture. 

5  6.  At  1.75  millimetres  diameter. 
5  d.  At  2.50  millimetres. 
5  «.  At  10  millimetres,  adult. 


Plate  XX. 

Fig.  1.     Goitrioeeroi,  sp.  indet 262 

1  a.  Side  view  of  a  composite  artificial  cast,  from  three  spoci- 

metiB. 
1  b.  Side  view  of  a  septate  fragment. 
1  c.  Cross  section  of  whorl. 

1  (I,  Sutures. 

Fig.  2.    Projiorites,  sp 270 

2  a.  Side  view  of  septate  fragment. 
26.  Cross  section  of  whorl. 

2  c.  Sutures. 

Plate  XXI. 

Fig.  1.     Eudolohus  inisBourienns  Swallow "ITrl 

1.  Side  view  of  large  specimen. 
Fig.  2.     Eudolohus  misftodru'nsis  Sum  How. 

2n.  Side  view  of  small  specimen. 

2  b.  I^ear  view  of  small  specimen. 

2  c.  Front  view  of  small  specimen,  twice  enlarged 
Fig.  3.     EndolohuH  mihsouriensis  Swallow. 

8  ti.   Dorsal  view,  showing  internal  lobe. 

3  h.  Concave  si<le  of  chamber. 
3  f.  Convex  side  of  chamber. 
JJ  t/.  Chamber,  from  the  side. 


Pboo.Ameh.Ph.ios.Soc,      Vol.  XXXV, 


Pnoc.  Ameb,  Pkilos.  Soc.      Vol.  XXXV, 


Pnoc  Amek.  Pwlob.  Soc.      Vol.  XXXV. 


vKA^N-' 


IOC.  AuER.  Ph,los.  Soc.      Vol.  XXXV, 


^ 


l/^. 


_pROc.  Ameh.  Philos.  Soc.      Vol  XXXV. 


PC' 


PwQC.  Amer.  Philos.  Soc.      Vol.  XXXV. 


1896.]  285  ISmllh. 

Plate  XXII. 

Fig.  1 .     CoHoeardium  alifonne  Sowerby 247 

1  a.  Side  view,  natural  size. 

1  b.  Side  view  of  another  specimen,  twice  enlarged. 
Fig.  2.     Conocardium  aliforvie  Sowerby. 

2  a.  Another  specimen,  from  above. 
2  b.  From  front. 

2  c.  From  side. 

Fig.  3.     Schizodua  cuntatus  Meek 245 

3  a.  Side  view. 

3  6.  Front  view. 

Fig.  4.     8ehizodu8  wheeleri  Swallow 246 

Fig.  5.    Fhillipaia  eUftonensis  Shumard 270 

5  a.  From  above,  twice  enlarged. 

5  b.  Side  view,  twice  enlarged. 
Fig.  6.    PhilUpsia  (  Oriffithides)  <yrnata  Vogdes,  twice  enlarged 271 

Plate  XXIII. 

Oastrioceras  hranneri,  sp.  nov.,  J.  P.  Smith 257 

Fig.  1.  Side  view. 

Fig.  2.  Front  view. 

Fig.  3.  Rear  view. 

Fig.  4.  Cross  section. 

Fig.  5.  Sutures  of  adult,  twice  enlarged. 

Fig.  6.  Sutures  at  diameter  23  millimetres,  twice  enlarged. 
Pronorites  pra^ennieua  Karpinsky  (to  show  the  young  stages.     After 

Karpinsky,  Ammoneen  d,Artifiak-8ti^e,  PI.  i.  Fig.  2  e,  f^g). 

Fig.  7.  First  two  sutures. 

Fig.  8.  Embryo-chamber. 
Pronorites  cyclolobus  Phillips  {Oeol,  Yorkshire,  Vol.  ii,  PI.  xx,  Fig.  42). 

Fig.  9.  Sutures,  twice  enlarged. 

Plate  XXIV. 

Pronorites  cyclolobus  Phillips  (variety  arkansiensis  J.  P.  Smith) ....  267 
Fig.  1.  Side  view,  Arkansas  specimen. 
Fig.  2.  Rear  view,  Arkansas  specimen. 
Fig.  3.  Front  view,  Arkansas  specimen. 
Fig.  4.  Sutures,  Arkansas  specimen. 

Fig.  5.  Side  view  of  Ural  Mountains  specimen  (after  Karpinsky,  Am- 
moneen d.  Ariinsk-Stufe,  PI.  i.  Fig.  4  a,  b). 
Fig.  6.  (After  Karpinsky,  Ammoneen  d.  Artinsk-Stufe,  PI.  i,  Fig.  4n.) 
Fig.  7.  (After  Karpinsky,  Ammoneen  d.  Artinsk-Stufe,  PI.  i,  Fig.  4  7/i.) 
Fig.  8.  (After  Karpinsky,  Ammoneen  d.  Artinsk-Stufe,  PI.  i,  Fig.  ie,f.) 
Fig.  9.  Showing  development  of  the  sutures,  from  the  Ibergiceras  to 
the  Pronorites  stage,  after  Karpinsky  (PI.  i.  Fig.  4  g-l). 
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Nevada,  la.  (151);  Kansas  University  Quarterly,  Lawretice 
(150);  Washburn  College  Library  (150,  151),  Academy  of 
Science,  Topeka,  Kans.  (150) ;  University  of  California, 
Berkeley  (150,  151) ;  Lick  Observatory,  Mt.  Hamilton,  CaL 
(150) ;  Free  Public  Library  (150),  Academy  of  Sciences 
(150),  Historical  Society  (150),  Dr.  George  Davidson,  San 
Francisco,  Cal.  (150) ;  Prof.  J.  C.  Branner,  Stanford  Univer- 
sity, Cal.  (150) ;  Central  Meteorological  Observatory  (150), 
Observatorio  Astron.  de  Tacubaya  (150),  Scientific  Society, 
**  Antonio  Alzate "  Mexico,  Mex.  (150);  Meteorological 
Observatory,  Xalapa,  Mex.  (150) ;  Bishop  Crescencio  Carrillo, 
Merida,  Yucatan  (150) ;  Agricultural  Experimental  Stations, 
Kingston,  R.  I.  (150),  Newark,  Del.  (151),  Raleigh,  N.  C. 
(150),  Agricultural  College,  Mich.  (151),  TiCxington,  Ky. 
(151),  Knoxville,  Tenn.  (150,  151),  Manhattan,  Kans.  (151), 
Lincoln,  Neb.  (150,  151),  Laramie,  Wyo.  (150),  Tucson,  Ariz. 
(150,  151),  Fargo,  N.  Dak.  (151). 

Accessions  to  the  library  were  reported  from  the  Magyar 
Tudom.  Akad.,  Budapest,  Hungary;  Physikalisch-Technische 
Reichsanstalt,  Berlin,  Prussia ;  Direzione  Generale  della 
Statistica,  Rome,  Italy ;  Royal  Society  of  Canada,  Montreal  : 
Scientific  Alliance,  New  York,  N.  Y. ;  Pennsylvania  Hos- 
pital, Pennsylvania  State  Board  of  Health,  Philadelphia ; 
Lackawanna  Institute  of  History  and  Science,  Scranton,  Pa. ; 
United  States  Naval  Observatory,  Wasliington,  D.  C. 

The  committee  appointed  to  examine  the  paper  on  the 
**  Fossils  of  the  Coal  Measures  of  Arkansas,"  by  J.  P.  Smith, 
reported  in  favor  of  its  ])ublication  and  the  Society  by  vote 
so  ordered. 

The  following  paper  was  read  and  referred  to  the  Secreta- 
ries for  action  :  *  *  On  the  Second  Abdominal  Segment  in  a 
few  Libellulidaj,"  by  Martha  Freeman  Goddard. 

Prof.  Cope  then  made  some  comments  on  a  recent  paj)er, 
**  On  the  Evolution  of  the  Teeth  of  Mammalia,''  by  Flor- 
entino  Ame<rhino. 
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Pending  numiimtions  Vdli'I,  13a4,  1367,  135B,  1359,  1S80, 
ISBl,  and  uuw  nominations  1362  and  13(13  were  read. 

Mr.  Price,  Iroin  the  Hall  Committee,  rejKjrted  the  comple- 
tion of  the  furnishing  of  the  adjoining  room. 

The  Librarian  reportod  that  we  were  now  in  possession  of 
a  complete  catalogue  of  all  the  publications  of  the  Society 
now  in  stock. 

Dr.  Hays  moved  that  the  Librarian  be  authorized  to  pur- 
chiisc  at  a  reasonable  price  any  odd  miinlicra  U>  (ill  deficien- 
cies in  the  above  list.     Adopted. 

Dr.  Pep]ier  from  tb«  Committee  on  Special  Meeliuga, 
reported  tho  program  for  that  to  be  hold  November  (i. 

The  rough  minutes  were  then  read  and  approved,  and  tlio 
Society  was  adjourned  by  the  President. 


Oct  16, 1»96.]  ^1 

PROCEEDINGS 

OP  THE 

AMERICAN    PHILOSOPHICAL    SOCIETY 

HELD  AT  PHIIADIIPHIA  lOR  PR010TIN6  DSIIDl  KNOWLEM 

Vol.  XXXV.  December.  1896.  No.  153. 


Stated  Meeting,  October  16,  1896. 

Vice-President  Dr.  Pepper  in  the  Chair. 
Present,  30  members. 

Mr.  Frank  L.  Gushing,  a  newly  elected  member,  was 
introduced  and  took  his  seat. 

Minutes  of  meeting,  October  2,  read  and  adopted. 

Correspondeuce  was  submitted  as  follows  : 

A  letter  from  the  Society  of  Colonial  Wars  inviting  us  to 
participate  in  a  memorial  meeting  to  Dr.  G.  Brown  Goode  was 
referred  to  the  President  with  power  to  appoint  the  Com- 
mittee. 

Letter  of  envoy  from  the  Faculty  des  Sciences,  Marseilles, 
France. 

Letters  of  acknowledgment  from  Major  Richard  C.  Temple, 
Port  Blair,  Andaman  Ishmds  (148,  149) ;  Linnean  Soc.  of 
N.  S.  Wales,  Sydney  (148,  149) ;  R.  Society  of  Victoria, 
Melbourne  (92) ;  Observatoire,  Athens,  Greece  (143,  146- 
149) ;  Geographical  Society,  Tokyo,  Japan  (148,  149) ;  Soc. 
pro  Fauna  Flora  Fennica  (149),  Dr.  Otto  Donner,  Helsingfors, 
Finland  (148,  149);  Physico-Math.  Society,  Kasan,  Russia 
(148,  149) ;  Profs.  Serge  Nikitin,  John  Pomialowsky,  St. 
Petersburg,  Russia  (148,  149);  Acad.  R.  des  Scien'i'es, 
Amsterdam,  Netherlands  (147-149,  and  Trans.,  xviii,  2,  3); 
Soc.  R.  de  Geographic,  Antwerp,  Belgium  (149);  1.  R. 
Accad.    degli    Agiati,    Rovereto,    Austria    (149) ;    Profs.    F. 
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Muiler  (149,  150),  E.  Siieaa  (US),  J.  Siwmbatliy.  Vicuna, 
Austriii  (150) ;  Dr.  Albin  Wcisbacb,  Freiberg,  Saxi»y, 
(149) ;  Veruiii  f.  Vaterliind.  Natiirkundc,  WiiittcmbiMg,, 
Stuttgart  (143,  146-149,  and  Trans.,  xviii,  2);  O8sc^vatoria,^ 
Torino,  Italia  (149);  Prince  Ilolaiid  Bonaparte,  Paris,  Fnini* 
(149) ;  University  Library,  Dr.  C.  A.  M.  Fennoll,  Cambridgv, 
Eag.  (150) ;  Royal  Society  (Trans.,  xviii,  3),  Victoria  Insti- 
tute, Geol.  Society,  R.  Astron.  Soc,  It.  Meteorological 
Society,  Linnean  Society,  Society  of  Antiquaries,  Mcasre.  C. 
J.  Dannefeldt,  William  Hiiggins,  Charles  Cr,  Lulaud,  Sir 
James  Paget,  London,  Eng,  (150) ;  Geological  Society,  Litei^ 
ary  and  Phil.  Society,  Manchester,  Eng,  (150);  Radflif 
Observatory  {Trans.,  xviii,  3) ;  Prof.  J.  Legge,  Oxforti,  Eng* 
(150) ;  R.  Geological  Society  of  Coruwnll,  Penzance,  Eug. 
(150) ;  Dr.  Isaac  Roberts,  Starfleld,  Crowborougli,  Sussex, 
Eng.  (150) ;  Nat.  Hiet.  and  Phil.  Society,  BellBst,  Ireland(15(t) ; 
R.  Dublin  Society,  Dublin,  Ireland  (150);  Royal  Sodety. 
Edinburgh,  Scotland  (150) ;  Geological  Society,  Philosophical 
Society,  Glasgow,  Scotland  (150'i;  Bowdoin  College,  Rnins- 
wick.  Me.  (142) ;  Athenieura,  Boston,  Mass.  (151) ;  Museum 
Comparative  Zoology  (151),  l-'rofs.  G.  L.  Goodale  (151),  J.  D. 
Whitney,  Cambridge,  Mass.  (150);  Prof.  E.  S.  Morse,  Salem, 
Mass.  (147,  149) ;  Prof.  Eliliu  Thomson,  Swampscott,  Mas. 
(151);  Providence  Franklin  Society,  Providence,  R.  1.(150, 
151);  Prof.  W.  T.  Hewett,  Ithaca,  N.  Y.  (140);  Oneida 
Historical  Society,  Utica,  N.  Y.  (150,  151) ;  Mr.  M.  H.  Mess- 
chert,  Douglassville,  Pa.  (150,  151):  Dr.  J.H.  Brintou  (151), 
Mrs.  Helen  Abbott- Michael  (150,  151),  Mr.  Julius  F.  Sachae 
(14ti),  Dr.  James  Tyson,  Philadelphia  (150) ;  Coast  and 
Geodetic  Survey  (151),  United  States  Naval  Observatory 
(151),  United  States  Geological  Survey  (150,  151,  and  Trans., 
xviii,  3),  Prof.  Charies  A.  Sehott,  Washington,  D.  C.  (151), 
Historical  Society,  Savannah,  Ga.  (151) ;  Prof.  E.  W.  Clay- 
\*o\g,  Akron,  0.(151);  Univeisity  of  Cincinnati,  CincinnaU. 
O.  (151) ;  Denison  Scientific  Association,  Granville,  O,  (151); 
Lick  Observaton,-,  Mt.  Hamilton,  Cal.  (151) ;  ^listorical  Sod- 
ety,  Dr.  George  Davidson,  San  Francisco,  Cal.  (161) ;  Prof.  J. 
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C.  Branner,  Stanford  University,  Cal.  (151) ;  Kansas  Univer- 
sity Quarterly,  Lawrence,  Kans.  (151) ;  Kansas  State  Histori- 
cal Society,  Topeka  (151) ;  Colorado  Scientific  Society, 
Denver  (151) ;  University  of  Wyoming,  Laramie  (151) ; 
Museo  de  la  Plata,  La  Plata,  Argentine  Kepublic  (149). 

Accessions  to  the  Library  were  reported  from  the  K.  Akad. 
van  Wetenscliappen,  Amsterdam,  Netherlands ;  Verein  f. 
Chemnitzer  Geschichte,  Chemnitz,  Saxony;  Pbysikal.-Med- 
icin.  Soc,  Erlangen,  Bavaria ;  Vogtl.  Altertumsfors. 
Verein,  Hohenleuben,  Saxony ;  Naturwissenschaftliche 
Verein,  Regensburg,  Bavaria ;  Verein  f.  Vaterland.  Natur- 
kunde,  Stuttgart,  Wiirttemberg;  Observatory,  Greenwich, 
Eng.;  Nat.  Hist.  Society  of  Northumberland,  Durham,  etc.. 
New  Castle-on-Tyne,  Eng. ;  American  Congregational  Asso- 
ciation, Boston,  Mass.;  Surgeon-Generars  Office,  Washing- 
ton, D.  C. ;  Public  Library,  Cincinnati ;  Michigan  Board  of 
Agriculture,  Lansing ;  SocitStc!)  Scientifique  du  Chili,  Santiago. 

Announcement  of  deaths  : 

Joseph  B.  Townsend,  Philadelphia,  October  11,  189G, 
aet.  75. 

Dr.  Friederich  Miiller,  Kostock,  Germany. 

The  stated  business  of  meeting  being  the  election  of  mem- 
bers. Secretaries  Frazer  and  Dubois  acted  as  Tellers. 

Nominations  1332,  1334,  1357  were  referred  to  Council  on 
motion  of  Dr.  Frazer. 

Pending  nominations  were  then  spoken  to  and  the  ballots 
cast. 

The  Tellers  then  reported  the  election  of 

2297.  Harrison  Allen,  M.D.,  Philadelphia. 

2298.  Edson  S.  Bastin,  Philadelphia. 

An  invitation  to  the  members  of  this  Society  to  be  present 
at  the  opening  of  the  new  Museum  Hall  of  the  Academy  of 
Natural  Sciences,  Tuesday,  October  20,  at  3  p.m.,  was  read. 

The  rough  minutes  were  then  read,  and  the  Society 
adjourned. 


SKm  pivr.l^ 


Siakd  Me^ir^,  NmmOmr  e^  ISae. 
PreAdentf  Mr.  FsAUT,  in  the  Chair. 

Present,  S4  membexs. 

Minutes  cf  meeting,  October  16,  were  resd  and  approved. 

Oonespondience  was  submitted  as  follows : 

Aooeptance  of  membership  £tom  Hanison  Allen,  HJ)^ 
October  28, 1896 ;  Edson  S.  Bastin,  AJl^  Oclob^  24, 1896. 

An  invitation  fixHn  the  Soci^td  Hongroiae  de  Qeogzaphiei 
Budapest,  to  its  twentj-fifth  anniyennrjr,  October  18, 1896. 

C!ommunication  from  the  Museo  Nadonal  de  Buenos  Aires 
requesting  the  supply  of  certain  deficiencies  in  its  set  oi 
Proeeedinge  of  the  American  Philosophical  Society.  From 
Mechanics'  library,  of  Altoona,  asldng  for  deficiencies. 

Letters  of  envoy  from  the  Geological  Survey  of  India,  Cal- 
cutta ;  Acad,  des  Sciences,  Cracow,  Austria ;  Gesellschaft  z. 
Bef  orderung  der  gesammten  Naturwissenschaften,  Marbuig, 
Prussia  ;  Central  Bureau  der  Intemat.  Erdmessung,  Potsdam, 
Prussiia  ;   R.  Statistical  Society,  London,  Eng. 

Letters  of  acknowledgment  fix>m  the  Asiatic  Society  of 
Japan,  Tokyo  (148,  149) ;  *  Royal  Society  of  N.  S.  Wales, 
Sydney  (147) ;  R.  Acad,  of  Sciences,  Stockholm,  Sweden 
(150) ;  R.  Danish  Geographical  Society,  Prof.  Japetus  Steen- 
strup,  Copenhagen,  Denmark  (150) ;  R.  Zool.  Society,*'  Natura 
Artis  Magistra,''  Amsterdam,  Netherlands  (149);  Public 
Museum,  Moscow,  Russia  (149) ;  Imperial  Academy  of  Sci- 
ences, St.  Petersburg  (150) ;  M.  Franz  Ritt.  v.  Hauer,  Vienna, 
Austria  (150) ;  Naturforschende  Gesellschaft,  Bamberg,  Ba- 
varia (142,  150) ;  K.  Bibliothek,  Berlin,  Prussia  (150) ;  K. 
Geodatisches  Institut,  Berlin- Potsdam,  Prussia  (150) ; 
Naturwissenschaftl.  Vcrein,  Bremen,  Germany  (150) ;  Natur- 
wissenschaftl.  Gescll.  **  Isis,"  Dresden,  Saxony  (150);  Natur- 
forschende Gesell.,  Emden,  Prussia  (149) ;  Oberhessiche 
Gesell.   f.   Natur-  und  Heilkunde,  Giessen, ^Germany  (149) ; 
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Nnturwissenscliaftl.  Vcrein,  Kiel,  Prussia  (loO) ;  Dr.  0. 
Bblitlingk,  Prof.  J.  Victor  Cariia,  Leipzig,  Saxony  (150) ; 
Geaell,  zur  Befdrderung  der  gesammtcii  Naturwiasenseliaften, 
Marburg,  Prussia  (1-12) ;  R.  Institute  Lombardo,  Milan,  Italy 
(148,  149) ;  See.  d' Agriculture  et  d'Hietoire  Naturelle,  Lyon, 
France  (147-149);  Redaction  Cosmos,  Prince  Roland  Bona- 
parte, Paris,  France  (150);  Pbil.  and  Lit,  Soeicty,  Leeds, 
Eiag.  (150);  The  Royal  Society,  Geographical  Society, 
London,  Eng.  (150);  Royal  Observatory  (148,  150,  and 
TVans.,  xviii,  3),  Prof,  James  Geikie,  Edinburgh,  Scotland 
(150);  State  Library,  Albany,  N.  Y.  (14T-151,  and  Trans., 
xviii,  3);  Pnjf.  E.G.  Wilder,  Ithaca,  N.  Y.  (144);  Prof. 
Lewis  M.  Haupt  (151),  Messrs.  Philip  C.  Garrett  (151),  Wil- 
liam W.  Jefferis  (149-151),  Coleman  Sellers  (151^  Joseph 
"Willcox,  Philadelphia  (151);  Historical  Society  of  Southern 
California,  Los  Angeles  (150,  151) ;  Kansas  Academy  of 
Science,  Topeka  (151) ;  University  of  Kansas,  Lawrence 
^148) ;  Observatorio  Aatrononiico  de  Tacubaya,  Mexico, 
Jiex..  (151) ;  Bishop  Crescendo  Carrillo,  Merida,  Yucatan, 
^151)  ;  Agricultural  Experiment  Stations,  New  Haven,  Conn., 
Kaleigb,  N.  C.  (151). 

Accessions  to  tlie  Library  were  reported  from  the  R.  Geo- 
logical Society  (Queensland  Branch),  Brisbane,  Queensland  ; 
Academia  Letterarvin,  Cracow,  Austria ;  K.  K.  Militar. 
Oeog.  Institutes,  Vienna,  Austria ;  Verein  f.  Erdkunde, 
Cassel,  Prussia;  Naturwissenschaftl.  Geaell.  "  Isis,"  Dres- 
den, Saxony  Senekenberj^ache  Natuxforscheude  Gesell., 
Frankfurt  a.  M.;  Gosell.  z,  Beforderung  der  gesammten 
Naturwisson.,  Marburg,  Prussia  ;  Soc.  Geol.  de  Normaudie, 
Havre,  France ;  Son.  des  Science  Naturellea,  Lu  Roclielle, 
France;  Soc.  d' Agriculture  Sciences  et  Industrie,  Lyon, 
France  ;  Sue  dea  Antiquaircs,  Soc,  de  I'Histoire  dc  France, 
&X)le  Polytocliiiirjue,  Paria,  France, 

Mr.  Frank  H,  Cusbing  then  made  a  communication  on  the 
"  Recent  Archaeological  Explorations  on  the  Shell  Keys  aad 
Gulf  Coast  of  Florida,"  illustrated  by  numerous  specimens, 
pliotojirapiis  nuil  diiigrams. 


adjourned. 


Stated  ifeeting,  Ifovember  SO,  1S96. 
Prefiident,  Mr.  Fealey,  in  the  Chuir.  ' 

Present,  44  membere. 

Minutes  of  uieetiag,  November  8.  were  read  aiid  approved. 

Correspondence  was  submitted  as  tblloWa : 

A  letter  from  Hoti.  Mayer  Sulzberger,  acoepting  the  liuty 
of  preparing  an  obituary  notice  of  the  late  Joseph  B.  Town- 
send,  Esi|. 

Letters  of  envoy  from  the  Akad.  der  WisseDSchaAao. 
Vienna,  Austria  ;  Schlesisehe  Gesell.  f,  Vaterliindiache  ChI- 
tiir,  Ilro!fI:in,  Pnissiii ;  K.  Siichsisdic  Ciesell.  dcr  "Wisseu- 
achaften,  Leipzig. 

Letters  of  ack  now  lodgment  from  the  Royal  Society  of  Vic- 
toria, Melbourne  (148,  149);  Physico-Math.  Society,  Kaaan, 
Kussia  (loO) ;  Library  of  Marine  Ministry,  Prof.  Serge  Niki- 
tin,  St,  Petersburg,  Kussia  (150) ;  K.  K,  Sternwarte,  Prague, 
Bohemia  (150);  K.  K.  Central- Anatalt  f.  Meteorologie,  etc., 
Dr.  Fricdericli  S.  Krauss,  Vienna,  Austria  (150) ;  Naturibr- 
achende  Gesell.  dos  Oaterlandes,  Altcnburg,  Prussia  (150); 
Gesell.  f.  Ertlkimde,  Berlin,  Pru&sia  (150);  K.  Sacha.  Mete- 
orol.  Institut,  Chemnitz  (150);  Verein  f,  Erdkunde  (150), 
Mrs.  Zelia  Xuttall,  Dresden,  Saxony  (147-150) ;  Prof.  B.  W. 
Bunaen,  Heidelberg,  Germany  (150) ;  K.  Siicha.  Gesell.  d. 
Wissenschafien,  Leipzig  (148-150) ;  Verein  f.  Erdkunde, 
Metx,  Germany  (149) ;  K.  Sternwarte,  Munich,  Bavaria  (150); 
Verein  f.  Vaterliindiache  Xaturkunde  in  Wiirttemberg,  Stutt- 
gart (150) ;  R.  Accad.  di  Scicnze,  etc.,  Modena,  Italy  (149); 
Acad,  des  Sciences  ct  Belles-Lettres,  Angors.  Frani-'f  (H"*); 
Soc.   des   Sciences   Xat.   et  Archeo!.  de  la   Crease,   Ou^ret, 
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France  (148);  Soc.  Geologique  (149,  150),  Prince  Eoland 
Bonaparte  (149),  Dr.  Edward  Pepper,  Paris,  France  (150); 
Mr.  Samuel  Timmins,  Ariey,  Coventry,  Eng.  (150) ;  Prof.  I. 
I^gge,  Oxford,  Eng.  (150) ;  Gen.  H.  L.  Abbot,  Cambridge, 
Mass.  (151) ;  Geological  Society  of  America,  Rochester, 
N.  Y.  (161) ;  Oneida  Historical  Society,  Utica,  N.  Y.  (150) ; 
Lackawanna  Institute  of  History  and  Science,  Scranton,  Pa. 
(122,  135,  139,  141,  142,  145,  148) ;  Texas  Academy  of 
Science,  Austin  (151) ;  Iowa  Masonic  Library,  Cedar  Rapids 
(149-151) ;  Meteorological  Observatory,  Xalapa,  Mex.  (151)  ; 
Comity  Gdolog.  de  Russie  (148,  149). 

Accessions  to  the  Library  were  reported  from  the  R.  Society 
of  S.  Australia,  Adelaide ;  Akad.  der  Wissenschaften, 
Vienna,  Austria ;  Schlesische  Gesell.  f.  Vateriand.  Cultur, 
Breslau,  Prussia ;  Naturhist.  Gesellschaft,  Nlimberg,  Bava- 
ria ;  Prof.  G.  de  Mortellet,  Paris,  France ;  R.  Society  of  An- 
tiquaries of  Ireland,  Dublin ;  Royal  Society,  London,  Eng.; 
American  Academy  Arts  and  Sciences,  Boston,  Mass.;  Dr. 
Charies  A.  Oliver,  Philadelphia ;  Wyoming  Historical  and 
Geological  Society,  Wilkesbarre,  Pa.;  Leander  McCormick 
Observatory,  Chariottcsville,  Va.;  Department  of  State, 
American  Anthropological  Society,  Washington,  D.  C;  Min- 
isterio  de  Fomento,  Dr.  Nicolas  L^on,  Mexico,  Mex.;  Lick 
Observatory,  Mount  Hamilton,  Cal. 

A  copy  of  the  bronze  medal  issued  by  the  Kings  Coimty, 
N.  Y.,  Medical  Society  in  commemoration  of  Dr.  Jenner. 

Prof.  Dr.  H.  V.  Hilprecht  made  a  preliminary  and  informal 
statement  concerning  his  latest  researches  in  early  Babylonian 
civilization  and  chronology  and  exhibited  a  number  of  im- 
portant antiquities  recently  acquired  by  him  for  the  Archaeo- 
logical Department  of  the  Univ^ersity  of  Pennsylvania,  during 
his  stay  in  Constantinople  and  Asia  Minor.  He  laid  before  the 
Society  the  earliest  written  record  from  Babylonia  so  far  as 
known.  This  document,  according  to  Prof.  Hilprecht,  was 
written  in  the  sixth  millennium  B.C.  Its  ideograms  and 
phonograms  are  still  hieroglyphs.  The  only  document  of  a 
hitherto   unknown   South   Babylonian  king,  Enyegal  of  the 
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fifth  millenaium,  was  next  treated.  A  number  of  the  ex-  I 
tremely  rare  Kappadohian  tablets,  of  which  more  than  six^ 
have  been  obtained  for  the  University  of  Pennaylvama  through 
Dr.  Hilprecht's  efforts  during  the  last  four  yeais,  a  historical 
document  of  the  time  ol'  King  Nabonidus  and  a  marble  va» 
of  King  Artaxerxes  with  four  inscriptions  in  Persian,  Median, 
Babylonian  and  Egyptian  languages  were  likewise  exhibited 
and  partly  interpreted. 

Dr.  Charles  L.  Leouanl  then  read  a  paper  on  a  "  Now - 
Physical  Property  of  the  X-Ray," 

Dr.  Frazer  reported  that  the  preparation  of  the  plates  forj 
the  reproduction  of  the  signature  book  would  require  an  adi&4 
tional  appropriation  of  J80. 

On  motion  of  Mr.  McKean,  the  appropriation  was  made. 

Mr.  Goiidwin  then  moved  that  the  Secretaries  be  inatructed 
to  prepare  from  the  plates  now  made  250  copies,  to  be  sold 
only  to  members  at  coat,  not  more  than  one  copy  to  be  pur-  _ 
chased  by   any   one  member  until  further  orders   &om   tiiS<J 
Society.     Carried.  " 

Dr.  Morri.s  moved  that  the  Society  present  to  the  "Wistar 
Institute  a  bust  of  Franklin  and  one  of  Dr.  Wistar,  these 
being  in  duplicate.     Carried. 

The  rough  minutes  were  then  read,  and  the  Society 
adjourned. 
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M'le  Phyiical  Phenomena  of  the  X-Iiay. 

By    Cliarlei    Le»ler    Leonard,  A.M.,  M.D. 

(Read  bfforc  l/ic  Awerica)i  PhiloMpMeal  Society,  Nottmhtr  SO,  ISSS.) 

The  plivBicnl  pliononieiia  coniicctecl  wilh  ILc  x-my  are  at  present 
limited  lo  lliost  announced  by  tlieir  discovercr,  Prof.  'Willielni  Konrad 
Roiitjtn.  Tlicy  are  llieir  power  to  penetrate  Bubstances  formerly  con- 
Bideri'd  opaque,  Ihcir  oliemical  HClion  e.\liibilcd  upon  the  photographic 
Aim  and  fluorescent  Bcreeii,  and  their  power  of  discharging  electrified 
bodies  wlielher  posilively  or  negalivcly  eliarged. 

The  simple  experiments  nliieh  I  conducted  at  the  Pepper  Laborfttoi^ 
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1  to  prove  that  another  physical  characteristic 


of  Clinical  Hedic' 
of  the  x-ray  is  not 

In  heating  a  double-cathode  x-ray  tnbe  of  the  focus  type,  while  it 
was  energized  by  an  alternating  current,  the  following  phenomenon  was 
noted. 

When  the  alcohol  lamp  was  held  at  a  point  midway  Iwtween  the  ca- 
thodes and  at  a  distance  varying  from  one-half  to  three  inches  from  the 
reflectors,  the  x-ray,  as  ahown  in  the  finoroscopc,  and  Ihe  fluorescence 
within  the  tube  were  Beemloglj  extlngnished. 

This  was  true  In  tube  A,  and  in  no  other  tube  nf  the  double  cathode 
Focus  type. 

~  What  was  the  form  of  interference  which  Ihe  lamp  exerted,  and  why 
did  it  apply  to  one  tube  and  not  to  all  of  that  type? 

These  qneries  led  to  the  following  eiperimenta  in  which  I  was  assisted 
by  Mr.  Alfred  Watch. 


Diagram  of  X-Rajr  Tabea. 


X-Ran  . 


Basing  our  ciperluicnls  upon  the  theory,  that  it  whs  the  B<iurouB 
Tapor,  produced  by  the  combustion  of  the  alculiol,  wh[ch  caused  this 
phenomenon,  we  substituted  for  tlic  alcohol  lamp  a  small  piece  of  Alter 
paper  saturated  with  water,  and  ohinined  tlie  same  result.  There  was 
no  effect  upon  the  other  tubes,  the  discharge  of  x-rays  and  the 
fluorescence  remaining  unaltered.  On  approaching  the  wet  paper  to 
the  cathode  a  streaming  of  electricity  was  observed  from  the  paper  or 
lamp  vapor  towardn  the  catliode  tliroiigh  the  wall  of  the  lube  and  was 
observed  to  diminish  in  (luantity  aw  the  paper  was  carried  towardit  the 
point  midway  between  theciithiidesnnd  opposite  the  reflector,  and  when 
it  reached  this  point  the  x-ray  and  fluorescence  ccaacd.  At  nil  points 
onlside  the  tube  a  grounded  wire  drew  a  spuria  from  the  burner  of  the 
tamp,  or  from  the  moistened  piipcr.  This  experiment  seems  to  show 
that  there  can  be  established  outside  of  tiie  x-ruy  tube  a  connection 
between  one  cathode  and  the  othiT  capable  of  moilifyinj;  liic  I'flcct  of 
Ihe  electrical  discharge  within  the  tube. 

This  was  proved  hy  using  a  piece  of  wet  paper  so  shaped  that  it  a- 
FROC.  AHEB.  PRILOS.  SOC.  XXXV.  1S3.  2h.     FKIMTED  AFRIL  SO,  18B7. 
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leoilcd  from  ralhode  to  cotliode  outeide  the  tnlie.  The  x-rajrB  uA 
fluoresccuce  were  flcemingly  destrojod  in  this  maDner  in  all  fnmw  of 
double  cathod«  tubea  used  with  the  Blternsting  current. 

The  rorm  of  iaterferonce  vrhich  was  first  obaerveil  wns  thnroforc  Ihe 
esMblUhmeut  of  n  imtli  for  llie  conduction  of  the  aldciriciij'  fn>ia 
cathode  til  cathode  outBide  the  x-ray  lube,  or  in  other  words  thti  «im- 
pletioa  of  a  short  circuit  between  lUe  caChodea  iu  the  iiidurod  t^lectrir 
field  outeidc  tlie  tube. 

But  why  WHS  it  possilde  to  complete  this  short  circuit,  In  on^  tiil»,  \ij 
introducing  the  ttqueona  vnpor  ut  a  single  point  opposite  the  rtllociat 
and  midway  between  the  cathoiies,  and  impossible  to  do  it  io  »ny  ollwa 
tube  nf  the  same  type  f  Is  there  any  reasonable  theory  which  will  lo^ 
cHlly  explain  this  difference  ? 

A  critical  ouniiinntlon  of  two  tubes  of  this  type  shows  that  In  tube  A 
the  culhodcs  are  in  such  relation  to  the  planes  of  the  rellectur  that  lighl. 
oiicying  ilic  law  of  retleclion,  and  emanating  from  the  cnihodcs.  would 
lie  rellectcd  at  such  an  angle  as  to  leave  a  wedge-shaped  area  beneath 
the  rellecEors  and  between  the  two  bundles  of  rays,  free  fnna  tlirir  in' 
terfcrence. 

An  examination  of  tube  B  shows  that  no  such  area  would  be  fonoetl, 
and  that  the  two  bundles  of  rays  would  be  united  In  the  median  line 

The  fluotoBcope  abows  that  this  median  area  is  the  ar««  of  moat  ta^' 
lenee  fluorescence,  as  x-rays  enter  it  (Votu  both  n^Bectars. 

Supposi-  llic  mys  obeying  thii  taw  of  rcllcelion  witliiri  (lie  Uibo  arr  lliD 
cathode  rays,  which  lieconie  the  Lenard  rays  cmtside  the  tube. 

In  tube  A  they  would  be  ruHeclcd  from  the  median  line  and  leave  t 
fleld  of  x-rays  free  from  their  interference.  We  have  then  here  a 
purer  field  of  x-rays,  which  would  easily  account  for  the  greater 
rapidity  and  sharpness  of  dennillun  which  this  tube  has  exhibited,  as 
illuslrated  by  the  unintensificd  half-minute  exposure  negatives  of  Ihe 
hand  and  other  objects,  and  the  six-niinute»  exposure  of  the  normal 
trunic  of  a  live-ycar-old  boy. 

Would  this  supi)osilion  iiccount  for  Ihe  absence  of  a  conductive  area 
midway  belween  the  two  cathodes,  wliich,  when  supplied  by  Ihe  aqueous 
vapor,  ri'snits  in  llic  extinguishing  of  the  x-ray  and  fluorescence!  It 
wonld,  if  we  consider  tlii'  Lenani  rays  to  be  capable  of  conducting 
clectricily  while  llm  x-riiys  are  not.  Under  these  conditions  the 
aqueous  vapor  between  the  bundles  of  Lcnard  rays,  in  the  case  of  tube 
A,  would  form  the  connecting  link  in  Ihe  short  circuit  between  the 
ciilhodcs.  Hut  how  abc)Ut  IhI)c  B — if  liiis  theory  is  correct,  how  can  we 
explain  liie  dilTerencc  in  Ihe  phenomenon  observed  in  it? 

In  tiiix  lube  we  saw,  liiat  Ihe  bundles  of  reflected  Lenard  raya  occupied 
the  median  field  lieneiilh  Ihe 
areas  of  non-conduction  lay 
Lenard  rays. 

By  placing  two  small  pieces  of  moistened  paper  In  these 


< 


i 


lg96.J  dUl  [LeonarcU 

conductive  areas,  and  thus  supplying  the  conductor,  the  theory  is 
proved  to  be  correct,  for  the  x-rays  and  fluorescence  are  seemingly  extin- 
guished and  we  have  established  the  short  circuit  in  both  tubes  through 
the  medium  of  the  Lenard  rays  and  the  aqueous  vapor. 

The  following  conclusions  may  be  drawn  from  these  experiments : 

1 .  From  the  fact  that  a  short  circuit  may  be  established  between  the 
cathodes  in  an  induced  electric  field  outside  the  tube,  by  placing  an 
electrical  conductor  in  certain  positions  outside  the  tube,  not  occupied 
by  the  Lenard  rays,  but  occupied  by  the  x-rays,  we  may  conclude  that 
the  Lenard  rays  are  conductors  of  electricity,  while  the  x-rays  are  not. 
This  would  also  account  for  the  difi*erence  in  the  action  of  magnetic 
fields  upon  the  cathode  or  Lenard  rays  and  the  x-rays,  and,  conversely, 
that  action  would  confirm  the  deduction  regarding  the  conductivity  and 
non-conductivity  of  the  two  rays. 

This  deduction  is  also  compatible  with  the  phenomena  observed  in  the 
discharge  of  electrified  bodies  by  the  x-ray,  the  ultra-violet  rays,  and 
other  forms  of  light  rays. 

2.  From  the  condition  found  to  be  present  in  tube  A,  that  is,  the 
presence  of  an  area  which  is  a  non-conductor  of  electricity  and  is  free 
from  Lenard  rays,  and  yet  is  the  area  of  most  intense  x-rays,  we  may 
conclude  that  the  x-ray  emanates  from  the  surface  of  the  reflector  in 
this  type  of  tube,  and  is  not  due  to  the  bombardment  of  the  wall  of  the 
tube  by  the  cathode  rays,  as  no  cathode  rays  strike  the  wall  of  the  tube 
in  the  area  from  which  we  find  the  greatest  fluorescence. 

Further,  from  the  fact  that  the  x-ray  is  a  non-conductor  and  is  not 
influenced  by  a  magnetic  field,  while  the  Lenard  rays  are  conductors 
and  are  influenced  by  magnetic  fields,  it  would  seem  probable  that 
these  two  forms  of  radiant  energy  diflfer  essentially  in  their  character, 
the  x-ray  presenting  most  of  the  phenomena  characteristic  of  light, 
while  the  Lenard  rays  present  the  phenomena  of  radiant  matter. 

3.  From  the  difference  in  the  rapidity  of  the  action  of  the  two  tubes 
on  the  sensitive  film  we  may  conclude,  that  the  presence  of  Lenard 
rays  in  an  x-ray  field  interferes  with  the  photographic  action  of  the 
x-ray :  consequently  a  tube  of  the  greatest  efficiency  would  be  one  so 
constructed,  that  the  Lenard  rays  would  be  reficcted  entirely  outside  of 
the  most  intense  x-ray  field. 

It  would  seem  probable  that  the  efficiency  of  the  focus  type  of  x-ray 
tube  is  in  a  measure  due  to  such  a  reflection  of  the  Lenard  rays,  as  many 
of  those  working  with  the  single  cathode  focus  tube  have  found,  that 
the  point  of  greatest  intensity  of  tlie  x-ray  is  not  at  the  point  where 
rays  of  ordinary  light  would  be  reflected  if  they  emanated  from  the 
cathode,  that  is,  the  point  to  which  the  Lenard  rays  are  reflected,  but  is 
at  a  point  perpendicular  to  the  focal  point  of  the  cathode  rays  upon  the 
platinum  reflector. 
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Slated  Meeting,  December  /,,  1896. 
The  President,  Mr.  Fraley,  in  the  Cliair. 

Present,  27  members. 

Minutes  of  nieetiiig  of  Novemlter  20  read  and  approved. 

Correspondence  was  submitted  as  Ibllows  ; 

Invitation  Irom  the  Chicago  Historical  Society  to  attend  the 
«xerciflea  at  the  opening  of  its  new  building,  Tuesday, 
December  15,  1896. 

Letters  of  envoy  from  the  Torein  f.  Schlesisuhe  InaektSK 
kunde,  Itreglau,  Pruasiu ;  Soc.  Italiana  delle  Scicnze,  Romoj., 
Department  of  State,  Washington,  D.  C;  ProE  K  W.  Clay. 
pole,  Aknui,  O. ;  Obscrvatorio  Astronumioo,  Cordoba,  He- 
publica  A r;-'L'ntin:i . 

Letters  of  acknowledgment  from  Mr.  Samuel  Davenport, 
Adelaide,  S.  Australiu  {US,  149) ;  Observatoire  phys.  C-en- 
tral  de  Russie,  St.  Petersburg  (l''»0);  Societas  pro  fauna  flora 
fenuiea.  Dr.  Otto  Donncr,  Helsingibrs,  Finland  (150) ;  Univcr- 
sitats-Biidioteket,  Lund,  Sweden  (l.W);  Mus&  Teyler,  Har- 
lem, Holland  {ir.O.  l.M) ;  IVof  Edward  Suess,  Vienna,  Austria 
(I'lO) ;  Iledaclion  der  Nalurwiasenschaftlichen  Wochen- 
schrift  (loO),  Dot.  Veroin  der  Piv>v.  Brandenburg  (143,  146, 
148).  Prof  A.  Bastian,  Berlin,  Prussia  (1">0) ;  Phys.-Tech- 
nische  licichsanstiilt,  Cliarlntteubiirg,  Prussia  (150);  Natur- 
forsche)ide  Gesull.,  Kniden,  Prussia  (150);  Soc.  Phys.-Medica, 
Erl;iii;,'t;ii,  BaviLria  (l.'.O) ;  A'ereiii  f.  Geog.  u.  Statistik,  Frank- 
furt :i.  M.,  Genuany  (loO) ;  Oberhcssisclie  Gesell.  f.  Natur- 
und  ITcilkuudc.  Gicsson,  Germany  (150);  Verein  f. 
Enlkundc.  Metz.  Germany  (14H);  Philosophical  Soc.,  Cam- 
brid^re,  Eii;r.  (14;!.  14()-ir,i,».  and  Trans.,  X.  S.,  xviii,  2  and  3); 
Ami'i-ican  Antiipiarian  Society.  AVorcester,  M.tss.  (151);  Soc. 
Cicutifioii.  "Antonio  Alzatc,''  Obri.  Mcteor.>].  Magnet.  Cfial 
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Mexico,  Mex.  (151) :  Obs.  Meteoix>l,  Magnet.  CcntwU  Xala)vik 
Mex.  (151);  Soc.  Cientifica  Argentina,  Bueni^  Aiwss  ^^^^ 

149). 

Accessions  to  the  library  W4Bre  repimed  fiv>m  the  R*  Si¥&iolr 
of  N.  S.  Wales,  ;Sydney,  Australia :  Bot,  Voroin  dor  lVn\ 
Brandenburg,  Berlin,  Prussia ;  K.  Siichs.  Voreiu  \\  WX^r- 
thiimer,  Dresden ;  Deutsche  Seewarte,  Hamburg,  Prussia ; 
Verein  f.  Erdkunde,  Metz,  Germany ;  K.  Cn)Oil.  Institukt^ 
Potsdam,  Prussia  ;  R.  Instituto  Lombardo,  Milan,  Italy  :  Sik\ 
Italiana  delle  Scienze,  Rome  ;  R.  Acad.  Cionoias  y  A\rtoH, 
Barcelona,  Spain  ;  Philosophical  and  Literary  Society,  LoodH, 
Eng.;  Literary  and  Philosophical  Society,  Manchcstor,  Kng.; 
American  Oriental  Society,  New  Haven,  Conn.;  American 
Museum  Natural  History,  New  York,  N.  Y.;  Capt.  II.  U. 
Bellas,  Germantown,  Phila.;  Board  of  Tnistoes  of  Droxol 
Institute,  Mr.  F.  J.  Dreer,  Dr.  Frederick  I).  Stone,  Philadel- 
phia ;  Acad.  Mex.  de  Ciencias  Exactos  Fis.  y  Nnt.,  ObH. 
Meteorol.  y  Vulcano  del  Seminario  de  Colima,  Mexico,  Mex.; 
Obs.  Nacional  Argentino,  Buenos  Aires. 

Photograph  was  received  for  the  Scxsiety's  Album  from 
Prof.  E.  W.  Claypole,  Akron,  O. 

Mr.  F.  D.  Stone  read  an  obituary  notice  of  William  John 
Potts. 

The  following  deaths  were  announced  : 

Sir  Benjamin  Ward  Richardson,  London,  Kng.,  Novem^xrr 
21,  1896,  set.  68. 

Dr.  Benjamin  Apthorp  Gould,  Cambridge,  Ma.«w,,  Novem- 
ber 27,  1896,  aet.  72. 

Dr.  William  Pepf>er  exhibited  a  cjAlefd'iou  of  Mexi^;an  pre- 
historic objects  of  terra-<^:otta.  obtained  >>y  him  on  hi^  recent 
visit  to  the  citv  of  yAcxu-j*.  TFiev  c/fXuxtrn^A  a  .^erie8  of 
miniature  clay  head.s  frorri  T^^^tihua^-an,  ^rrnhra^^nnj^  a  ;irreAt 
variety  of  type^^.  which  wer^j  clsamWcA  Ky  him.  for  the  porr*^>«^ 
oC  exhibition,  in  aocorlAnr-^  with  the  :*f\\*-ru(',  r*'jV>!i.^r.f=j''i  S-  \ 
member  of  the  r*'>:i^:r  .    Vfr-'.  Y^Wn  X  i  ♦h.  *  .r.   \^^r\      ff^ 

"^Ufflf,  Vol.  ii,  .V'^>^,  Z  *nf\  K 
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exhibited  in  connection  with  them  Bome  paiuted  clay  hcsih 
for  small  images  from  Canton,  China,  from  the  Museum  of 
ARihroology  and  PaUiMntoIogy  of  the  Univeralty  of  Pomisyl- 
vania,  pointing  out  the  striking  analogy  between  the  Mexican 
^„— _^^^  heads  and  Ihosc  from  China.     TU«  latter 

/  ,„       ^\       art!    mounted  upon  bodies  of  jwrishahle 

i  fl^   ~T(|l      material—of  plaited  rattan — which  is  gilded 

."/  .  ^*^^!d^  and  painted  in  brilliant  colors.  They 
y*#  *^  ifc  1  ropreaent  personages  of  the  theatre,  the 
^' J^T^Mf^  empen^r,  niiniatcrs,  gcnerala,  fairies,  elo. 
The  heads  are  attaehed  to  a  ueck  consist- 
ing of  plaited  bamboo  in  the  form  of  a 
tube,  and  have  a  variety  of  ornamental  head  dresses  of  varioua 
materials.  Among  the  Mexican  heads  shown  was  one  re- 
presenting a  man  with  a  beard,  of  much  strength  aad 
beauly  of  design.  The  features  wore  apparently  those 
of  a  European.  The  general  object  of  the  exMbition  was 
to  illustrate  a  parallel  u^age  with  that  indicated  by  Mra. 
Nuttall  in  reference  to  the  Mexican  heads,  and  to  pro- 
voke a  discussion  of  the  extremely  interesting  questions 
tlmt  underlie  them.  In  addition,  Dr.  Pepper  exhibited 
some  very  perfect  and  fragile  objects  of  terra-cotta  from 
Vera  Cruz,  of  a  uniformly  fine  light  clay ;  comprising  among 
othei-s  a  c-raw  fish  and  a  cup  (censer?)  with  a  tall  conical 
cover. 

Dr.  Brinton  expressed  the  view  that  these  were  votive 
offerings  representing  symbolic  burial. 

Dr.  Allen  referred  to  the  figures  as  a  representation  of  life 
form  in  art. 

Dr.  J.  Chcston  Morris  "made  a  communication  "  On  Gene- 
sis xi.  1-0  as  a  Poetic  Fragment." 

Pending  nominations  1332,  1334,  1357,  1358,  1362,  1363, 
and  new  nominations  1364  and  1365  were  read. 

The  report  of  the  Treasurer  was  then  read  and  referred  to 
the  Finance  Committee  for  examination  and  report. 

Hough  minutes  were  then  read  and  approved,  and  the 
Society  was  adjourned. 
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On  Genesis  xi.  1-9  as  a  Poetic  Pragment, 

By  J.  Cheston  Morris,  M.D 

(Read  before  the  American  Philosophical  Society,  December  4,  189G.) 

It  was  with  great  interest  and  pleasure  that  I  listened  to  Dr.  Hil- 
precht*s  account  of  his  explorations  and  discoveries  recently  at  Nippur, 
and  to  his  lucid  statement  of  his  views  as  to  the  Sumerian  and  Accadian 
races  and  their  civilization,  and  of  what  he  has  learned  of  their  history. 
Especially  I  regard  as  important  what  he  had  to  say  of  *  *  the  land  of 
Shinar"  or  Sungir.  On  March  6,  1891,  I  communicated  to  the  Society 
some  notes  on  Hebrew  Phonetics,  accompanied  with  a  transliteration  in 
accordance  with  them  of  Genesis  x,  rendering  "Shinar"  by  **Xnor," 
v.  10 — and  am  still  disposed  to  adhere  to  the  clue  which  [I  think  may 
thus  be  found  to  the  further  elucidation  of  the  history  and  possibly  of 
the  migrations  of  the  ancient  peoples.  When  we  read  of  the  building 
of  Babel  in  the  land  of  Shinar  (Qenesis  xi)  by  a  people  that  "had 
bricks  for  stones  and  slime  (bitumen)  had  they  for  mortar,"  we  may 
well  think  of  a  race  inhabiting  an  extensive  plain  or  prairie  such  as  that 
lying  between  the  Euphrates  and  Tigris,  and  building  in  a  different 
manner  from  that  familiar  to  the  collator  of  the  account,  who  was  proba- 
bly of  a  diflferent  race — perhaps  one  of  the  Semites.  His  religion  too  was 
different,  for  he  speaks  of  a  conference  among  the  gods  whom  he  wor- 
shipped, ending  with  "let  us  go  down  and  overthrow  the  tower."  A 
little  examination  of  this  account  will,  I  think,  show  that  it  is  in  the 
form  of  a  Hebrew  poem,  as  is  also  that  of  the  creation  in  Genesis  i.  If 
so,  this  account  may  be  that  of  a  victory  by  a  Semite  race  ascribed  to 
the  act  of  their  protecting  deity,  and  the  subjugation  and  dispersion  of 
these  lowland  people.*  Did  they,  or  some  of  them,  migrate  to  Egypt 
and  found  an  empire  there — building  with  bricks  as  they  had  done  in 
Shinar?  Were  they  the  people  whose  remains  were  recently  described 
at  a  meeting  of  this  Society  by  Mrs.  Stevenson  as  having  been  discov- 
ered by  Prof.  Petrie  ?  And  eventually  having  been  driven  thence  by 
the  Hamites  whom  they  had  temporarily  displaced,  did  they  again 
migrate  to  the  southwest  and  inhabit  the  country  which  to-day  we  call 
Senaar?  In  the  Septuagint  this  is  the  transliteration  given  of  IJ^JB^. 
Nor  is  this  inconsistent  with  the  softening  which  must  occur  in  peoples 
of  other  races  of  the  guttural-nasal  vowel  ngain. 

I  may  remark  that  in  the  cabinet  of  the  Society  are  four  wooden  locks 
made  by  the  negroes  of  St.  Domingo  a  hundred  years  ago.  On  showing 
these  some  time  ago  to  Dr.  Hilprecht  he  remarked  to  me,  "Why  those 
are  just  such  as  every  Arab  sheik  has  to-day  on  his  treasure-chest  or 
on  the  door  of  his  house  in  the  valley  of  the  Euphrates."    I  had  no 

*  For  migrations  of  the  brick-boilden  see  MoOMisUnd's  SuUdert  qfBdMi  London,  1871. 
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doubt  tlicn.  Ibat  tUe  negroes  had  learned  to  mitke  lli«iu  from  lUtii  iirtb 
capKire  nnd  masters  io  Central  Arrlca  and  tinil  brought  the  irt  wilti 
them  to  the  West  Indiefl.  But  may  it  not  be  that  their  RUCMiore  litd 
brought  the  urt  with  them  from  the  plains  of  BnliylnDk,  having  mignifii 
thence  ages  ago,  ns  I  have  eurmiBcd  above T  If  bo  we  onghl  to  hoaliln 
to  trace  among  the  Industries,  languages  and  traditionsorCuotnil  Afric* 
some  ivmnaDtH  of  this  early  civilization  in  the  plain  at  Babylon. 
I  trauiilate  from  the  Scptuagint  version  of  Qen.  xi.  1-0  at  foUows : 

And  all  the  earth  was  (of)  one  lip. 

And  one  atterance  to  all. 
And  It  happened,  as  they  tniived  from  th«  east, 

They  found  a  plain  in  the  land  of  Shinar. 

And  Ihey  dwelt  there  ; 

And  a  man  said  t'>  his  ncighlior, 
Come,  let  us  make  bricks, 

And  let  us  burn  them  with  Are. 

And  the  bricks  were  Io  them  for  stonr. 
And  the  asphalt  was  to  Ihem  for  mortar. 

And  they  aaid,  Come  let  us  build  oureelvma  city. 

.\nd  a  tower  whose  to]i  rthiill  lie  to  hi-uvcn  ; 
And  lot  UH  make  ourselves  a  name, 

Before  we  be  scattered  on  the  face  of  all  the  earth 

And  Jehovah  descended  to  see  the  cily 

And  Ihe  tower  which  the  sons  of  men  builded. 
And  .Tehovah  said.  Behold  the  race  Is  one. 

And  there  is  one  lip  to  all ; 
And  this  have  they  be^n  to  do. 

And  now,  nothing  will  fall  them 
Whatever  they  may  plan  to  do. 

Come,  and  descending,  let  us  confuse  their  tongue 

That  llu'v  hear  not  each  one  Ihe  utterance  of  his  neighbor. 

And  -lehnvah  scattered  them  thence  over  Ihe  face  of  all  the  earth. 

And  they  censed  building  the  city  and  the  lower. 
Therefore  it<i  name  was  called  Confusion, 

Because  there  .Tehuvah  cont\iscd  the  li|iK  of  all  Ihe  earth. 
And  thence  .lehovah  seiUlereil  them 
On  the  face  of  all  the  earih. 
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Stated  Meeting,  December  18,  1896. 

■  Vice-President,  Dr.  Pepper,  in  the  Chair. 

Present,  34  members. 

On  motion  the  regular  order  of  business  was  suspended  and 
Drs.  W.  H.  Fumess  and  Hiller  gave  an  account  of  their  re- 
cent journey  in  Borneo  and  the  Loo-Choo  Islands. 

Minutes  of  December  4  read  and  approved. 

Correspondence  was  submitted  as  follows  : 

Letter  from  the  President  of  the  Geological  Society  of 
Washington,  requesting  the  cooperation  of  this  Society  with 
the  Pasteur  Monument  Committee  of  the  United  States  in 
collecting  subscriptions  for  the  erection  of  a  monument  at 
Paris,  to  Pasteur. 

Letter  from  the  Observatorio  Meteorl.  y  Astron.,  San 
Salvador,  C.  A.,  announcing  the  death  of  its  Director,  Dr. 
Don  Alberto  Sanchez. 

Circular  letter  from  M.  Julian  Aparicio,  announcing  his 
appointment  to  succeed  Dr.  Don  Alberto  Sanchez  as  Director 
of  the  Observatorio  Meteorl.  y  Astron.,  San  Salvador,  C.  A. 

Letter  of  resignation  from  Mr.  E.  A.  Barber,  West  Chester, 
Pa.,  December  9,  1896.     Resignation  accepted. 

Letters  of  acknowledgment  {Trans,,  N.  S.,  xix,  1),  from 
the  Public  Library,  Boston,  Mass.;  American  Antiquarian 
Society,  Worcester,  Mass.;  Yale  University,  New  Haven, 
Conn.;  Buffalo  Library,  Buffalo,  N.  Y.;  Historical  Society, 
New  York,  N.  Y.;  Academy  Natural  Sciences,  University 
of  Pennsylvania,  Historical  Society,  Philadelphia ;  State 
Historical  Society  of  Wisconsin,  Madison ;  Kansas  Academy 
of  Science,  Topeka. 

Letters  of  acknowledgment  of  Proceedings  from  the 
Naturf.  Gesellschaft,  Dorpat,  Russia  (149) ;  Tashkent  Obser- 
vatory, Tashkent,  Russia  (150);  R.  Zool.  Society,  **  Natura 
Artis  Magistra,''  Amsterdam,  Netherlands  (loO,  151) ; 
Colonial  Museum,  Haarlem,  Holland  (150,  151) ;  K.  K. 
Naturhist.  Hofmuseum,   Vienna,   Austria   (150) ;   K.   Leop. 
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Carol.  Akad.  der  Naturforsclier,  Halle  a.  S.  (160) ;  Dr.  Padl 
Heyae,  Munich,  Bavaria  (150);  Prof.  Pao!o  MoQtegazza,n 
Florence,  Italy  (1-4") :  Soc.  Gdologique  de  Normandie, 
Havre,  France  (150) ;  Soc.  Fran^aiae  de  Phjaique,  Soc. 
Philologique,  Comte  de  Cbarencey,  Paris,  France  (150) ;  R. 
Acad,  de  Cienciaa  y  Artcs,  Barcelona,  Spain  (143,  145-14S); 
Academy  of  Sciences,  New  York,  N.  Y.  (IStf)  ;  Dr.  Cfaarlos 
SchiifFer,  Pbiladelpliia  (151). 

Acceaaions  to  the  library  were  reported  fnjm  the  Exhibi- 
tion Trustees,  Melbourne,  Australia ;  Acad.  Sciences, 
Cracow,  Auatria  ;  K.  P.  Geodat.  Institutes,  Berlin  ;  Vercin 
f.  Enikuude,  Halle  a.  S,,  Prussia ;  K.  Sjiciia,  Meteorl.  Inati- 
tut,  Chemnitz ;  K.  B,  Akad.  der  Wisaenschaften,  Miiiiicb, 
Bavaria  ;  Soc,  de  Physique,  Paria,  France ;  Literary  and 
Pbilosopbieal  Society,  Manchester,  Eng.;  Mr,  Edward 
Waldo  Emerson,  Cambridge,  Mass.;  American  Musetim 
Natural  History,  New  York,  N.  Y.;  Vaasar  Brotliers'  Insti- 
tute, Poughkeepsie,  N.  Y.;  American  Academy  Politic»l 
and  Social  Science,  Fiist  Unitarian  Chureb,  Philadelphia: 
Pennsylvania  State  College ;  Columbian  University,  Wash- 
ington, D.  C;  Colorado  College  Scientific  Society,  Colorado 
Springs  ;   Institute  of  Jamaica,  Kingston.    - 

The  Wistar  Institute  acknowledges  the  gifts  of  busts  of 
Dr.  Franklin  and  Dr.  Caspar  Wistar. 

The  President  announced  by  letter  that  he  had  appointed 
Mr.  F.  II.  Cushing,  Dr.  Thomas  N.  Gill  and  Dr.  D.  G.  Brin- 
ton,  to  represent  this  Society  at  a  meeting  to  be  held  in 
Washington  in  memory  of  G.  Brown  Goode. 

A  letter  from  Mr.  Cassell  gives  the  following  information : 
Benjamin  Bittenhouse,  brother  of  David,  died  August  31, 
1825,  Ninth  street  above  Vine,  in  this  city,  and  was  buried 
September  2,  in  St.  James'  Cemetery,  at  Evanaburg,  Mont- 
gomery county,  Pa. 

The  Committee  appointed  to  arrange  for  the  quarterly 
meetings  at  which  subjects  of  broad  philosophic  interest 
were  to  be  discussed  made  a  report  of  their  doings  for  the 
year. 
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The  Finance  Committee  made  report  that  they  had 
examined  the  Treasurer's  accounts,  and  found  them  correct. 
The  appropriations  for  the  coming  year  were  recommended, 
and  on  motion  approved  by  the  Society. 

The  pending  nominations  were  then  read  and  spoken  to, 
and  the  ballots  cast. 

New  nominations  1364:  to  1369  were  then  read. 

Mr.  Price  then  oflfered  a  resolution  directing  the  printing  of 
the  ballots  for  the  election  to  be  held  January  1. 

The  Tellers  then  reported  that : 

2299.  William  Francis  Magee,  Princeton,  N.  J.; 

2300.  G.  Albert  Lewis,  Philadelphia  ; 

2301.  Benjamin  W.  Frazier,  Bethlehem,  Pa., 
had  been  elected  to  membership. 

The  rough  minutes  were  then  read  and  the  Society 
adjourned. 


Qlimpiei  of  Borneo. 

By  William  Henry  Fhirness,  Srd,  M.D. 

{Read  before  The  American  PhUosopMcdl  Society,  December  18,  1896.) 

The  island  of  Borneo,  lying  directly  under  the  Equator,  is  the  second 
in  size  in  the  world  (if  we  exclude  Australia,  to  which,  I  believe,  is  gen- 
erally given  the  dignity  of  being  called  a  continent),  Papua,  or,  as  it  is 
now  called,  New  Guinea,  being  the  largest,  with  an  area  of  306,000  square 
miles,  while  Borneo  has  an  area  of  286,000  square  miles,  or  about  that  of 
France.  Along  the  coast,  and  indeed  for  many  miles  inland,  the  country 
is  flat  and  marshy,  covered  with  a  dense  tangle  of  undergrowth,  made  up 
of  thorny  palms,  ferns,  and  creepers  of  all  sorts,  including  the  beautiful 
▼ariegated  Nepenthes,  or  pitcher  plant ;  above  this  undergrowth, 
which  is  dense  to  a  height  of  fifteen  or  twenty  feet,  rise  lofty,  straight 
Camphor,  Gutta,  Durian  and  Tapang  trees,  whose  foliage,  at  least  from 
a  distance,  is  hardly  distinguishable  from  the  common  trees  of  our  own 
woods  and  forests  ;  perhaps  the  only  features  which  distinguish  the  Bor- 
nean  Jungle,  seen  at  a  distance,  from  our  ordinary  forests  are  the  top- 
most tufts  of  the  Rattan  palm,  which  is  a  creeper  and  forms  a  crown 
on  the  tree  top,  whereof  the  unexpanded  central  leaf  creates  the  sus- 
picion that  the  indefatigable  lightning-rod    agent    had    paid  a  visit 
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to  ibe  piimeral  forest.  Pnlma  as  a  rule  do  not  rnterinio  tbe  land«<ap«; 
being  of  low  growth.  Ihey  we  hidden  by  the  lofty  trees.  Toward  the 
centre  of  the  islaod  there  is  a  broken  range  of  moQDtains  and  of  hl|th 
hilh  running  from  North  to  South,  IhclnngeHt  dinmcterof  the  isUnd  ;  of 
these  mounlntDs,  npcording  to  our  present  knowledge,  Kina  TIalu  in  tbft 
North  IB  the  highest,  and  is  Kl,980  It.  high,  but  n»t  snow-capped.  OihM 
mountains  in  the  chain  vary  from  3000  to  10,00(1  ft.  in  hclgtil. 

It  is  in  this  central  range  of  highlands  and  monntuioii  Ih«l  all  tl 
numerous  rirera  rise  uod  form  tbe  highwayg  and  i)y-wnyi  nf  Iho  Ulaa^'l 
rendering  it  traversable  in  almost  every  direction. 

The  government  of  the  island  is  divided  between  the  Dutch  In  ll 
South  and  East.  The  British  NoDh  Borneo  Company  in  the  North.  H»M 
small  Sultanate  of  Brunei  on  tbe  west  coast,  and  bulow  this  the  indg- 
pendent  territory  of  Sarawak,  governed  by  Rajah  Brooke,  In  whose  ter- 
ritory the  greater  part  of  my  lime  was  spent. 

In  almost  every  book  on  Borneo  the  people  are  I  ncliidnd  under  I  he  nam* 
of  Byaka,  either  Boa-Dyaks  or  Land-Dyaks.  This  is  an  error.  There 
are  many  distinct  tribes  or  possibly  raeet,  scattered  throughont  lh«  hilli 
and  on  the  rivers  of  Borneo ;  Ihey  speak  a  different  language,  and  havi 
dilTerent  cuatomsnfhurial,  of  marriage,  of  nauungchildren,  ofboat  build- 
ing, etc..  etc.  Some  show  a  decidedly  Chinese  influence,  while  olhelt 
(tre  clearly  of  the  Malay  type  and  hate  adopted  the  Uohaniinedan  r«li|- 
ton  in  a  somewhat  modlfled  form  ;  others  again  are  nomadic,  and,  in  ap- 
poiirnnoe,  are  slronL'cr  aw\  slip;Mly  liilkr  thiiii  Ihe  nvHks.  .ind  itrr  n-i 
Head -hunters,  which  is  another  custom  erroneously  altrihnted  to  all  the 
inhabitants  of  Borneo. 

Borneo  is  a  subject  so  large  that  to  give  a  really  clear  idea  of  all  the  in- 
tricacies of  the  manners  and  customs  of  its  people  would  occupy  &r  more 
time  Ihau  one  short  evening's  talk.  Let  me  rather  recount  to  you  whit 
it  will  be  probably  impos-sihle  to  And  in  books. 

I>r,  Ilillcr  and  myself  had  the  rare  op]>ortunity.  through  the  kindness 
of  Mr.  Charles  IIohc,  one  of  the  Rajah's  most  energetic  Resident!, 
of  spending  Ave  weeks  among  the  natives,  in  the  household  of  Tamaba- 
Ian,  one  of  the  most  powerful  chiefs  of  the  Kayans  and  Kenniahs,  on 
tiic  river  Uaram. 

This  chief  had  come  down  the  Baram  about  two  hundred  and  Btij 
miles,  with  a  hundred  of  his  men,  more  or  less,  to  attend  a  Meeting  of 
Peace  and  Reconciliation  with  the  Dyaks  and  other  tribes  living  on  tbe 
Baram.  The  Rajiih  talked  to  them  all  most  impressively  on  the  evils 
attending  conslani  warfare,  and  at  the  end  of  his  speech,  given  in  Ma- 
lay— the  court  language — Tumalmlan  was  the  first  to  step  forward  and 
heartily  shake  hands  with  the  Rajah  and  express  his  willingncaa  to  do 
all  he  could  to  niuintain  the  peace  ;  which  was  duly  ratified  on  the  mor- 
row by  Ihe  slaughter  of  a  pig  and  the  examination  of  the  omens  as  inter- 
preted from  the  ccilorations  of  its  liver ;  yet  this  same  Tamabulan  only 
three  years  ago   was   one  of  the  most  rebellious  np-river   chiefk  and 
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had  gone  on  the  war-path,  without  the  sanction  of  the  Rajah,  and  had 
taken  heads,  and  had  barely  refrained  from  killing  Mr.  Hose  who  had 
gone  up  to  put  a  stop  to  his  marauding. 

He  is  a  man  of  about  forty-five,  well  built,  but  not  muscular  in  ap- 
pearance, about  five  feet  six  inches  tall,  his  face  is  broad,  the  cheek- 
bones somewhat  high,  the  eyes  wide  apart— owing  perhaps  to  his  hav- 
ing his  eyebrows  shaved,  they  appear  very  wide  apart ;  his  lips  are 
thin  and  his  mouth  large  but  well  shaped,  and  when  he  smiles  it 
reveals  two  rows  of  regular  but  blackened  teeth.  His  ears,  according  to 
the  custom  of  his  people,  are  pierced  in  the  lobes,  and  by  means  of  a 
copper  ring,  inserted  in  early  childhood,  are  so  elongated  that  the  lobe 
almost  touches  the  shoulder ;  his  ears  are  also  perforated  in  the  upper 
part  to  permit  the  insertion  of  a  wild  cat's  tooth  ornamented  ;  this  is,  how- 
ever, only  inserted  for  full  dress  ;  on  ordinary  occasions  he  wears  therein 
a  plug  of  wood  about  half  an  inch  in  diameter.  These  looped  and  perfo- 
rated ears  serve,  in  the  absence  of  clothes,  the  purpose  of  pockets,  and 
are  used  to  carry  cigarettes  or  even  boxes  of  matches.  His  hair  is 
straight  and  black,  shaved  in  a  straight  line  from  his  temples  round  his 
head,  but  allowed  to  grow  long  at  the  back ;  it  is  not  unlike  a 
Chinaman's  queue  unbraided.  The  skin  of  the  Eayans  and  Eenniahs, 
two  closely  allied  tribes,  is  not  yellow,  but  somewhat  darker  than  a 
Chinaman's,  and  they  have  none  of  the  characteristics  of  either  the  thick- 
lipped  African  negro  nor  the  bushy,  krinkly  hair  of  the  Papuans,  nor 
have  they  the  almond  eyes  of  the  Mongolians. 

As  for  costume,  on  ordinary  occasions  they  wear  nothing  but  a  loin 
cloth  either  of  bark  fibre  or  of  red  or  white  cotton,  bought  from  the 
Chinese  traders  in  the  Bazaar  (the  Malay  name  for  a  trading  post). 
On  their  heads  they  wear  a  close-fitting  pointed  cap  made  of  thin  strips 
of  rattan  (or  rotan,  as  they  call  it)  or  bamboo  dyed  red  and  black  and 
woven  into  pretty  checkered  patterns ;  when  they  are  exposed  to  the 
blazing  sun  they  often  exchange  this  skull  cap  for  a  broad  flat  disc  made 
of  dried  palm  leaves  and  tied  to  their  head. 

I  describe  Tamabnlan  thus  somewhat  at  length  because  he  is  a  full- 
blooded  and  typical  Kenniah,  and  as  he  is,  so  are  most  of  his  people. 
They  almost  universally  depilate  the  hairs  of  the  face,  and  only  occasion- 
ally are  mustaches  or  beards  to  be  seen  ;  when  they  are  allowed  to 
grow  they  are  more  than  likely  to  be  restricted  to  one  side  of  the  face,  in 
charming  irregularity. 

When  the  peace  meeting  was  over,  and  the  pigs'  livers  had  determined 
omens  propitiously  (I  think  that  Tamabulan  in  his  inmost  heart  thought 
that  the  whole  thing  was  foolish  and  unnecesvsary,  but  then  the  Dyaks 
were  impressed  and  he  was  conscious  that  in  any  event  he  was  able  to 
overpower  them,  so  on  the  whole  he  was  well  pleased),  we  returned  to 
Mr.  Hose's  house,  wliich  is  a  low  one-storied  frame  building,  thatched 
with  palm  leaves  and  surrounded  with  a  broad  veranda,  whereon  arc  scat- 
tered in  confusion,  characteristic  of  a  naturalist,  all  sorts  of  specimens. 
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BDtikee.   6eh.  Miorpions.   and  ftnitiialB  in  jare  or  alcohol ;  dried  Iiinla^  J 
skulls  of  wild  piga  and  of  rhinoceroses  on  Ihe  tabl^H  and  rliaira  :  unife-  M 
nientcd  war  sbieldn  and  aun  hule  of  the  natives  decorating  Ihe  wklU.  Till 
hODae  stands  in  a  clearing  on  a  blutf  abont  forty  or  fifty  feet  aboTe  ibe 
Baram  rirer  (pronouncud  Btrrem),  which  at  ihis  point  is  aboui  !S0 
yards  wide,  fairly  clear  and  sleepily  slnggish  when  not  disturbed  hj 

An  inspiriting  shonl  from  below,  and  the  rhylhtnical  click  of  tbc  pad- 
dles on  the  sides  of  the  boats  proclaimed  to  us  that  lh«  Father  of  ihc 
Moon  (which  is  the  signification  of  Tamsbulao)  and  his  men  bad  come 
ap  from  the  landing  at  the  Bazaar  and  were  wailing  for  ns  by  the  river 
bank  below  Mr.  Hoee's  house.  Our  store  of  provisionsand  the  few  articles 
Ibr  trading  and  for  ingmtiating  ourselves  with  the  natives,  such  as  tbm 
or  four  bolts  of  cotton  cloth,  sixty  poonds  of  Java  tobacco,  somv  bars 
of  steel,  etc,  were  soon  carried  down  to  the  canoe  and  stored  sway,  and 
In  the  sixty-foot  dug-out  canoe  we  were  given  tho  vacant  ■pftc-e  amid- 
ships aboat  seven  feet  long  by  five  feet  wide,  wherein  to  spread  our 
mats  (ind  make  our  abode  till  the  end  of  the  trip.  Tlie.  black  hard-wood 
paddles  glistened  in  the  sunlight  for  a  monicnt  and  then  sent  Ihe  water 
gurgling  and  eddying  along  the  aides  of  the  boat  as  the  sii  men  in  front 
of  us  and  the  four  in  the  stern,  abafl  Tamahulan  and  his  goods  and 
Qhattcls,  gave  a  shout  and  pulled  out  into  the  Ktream.  There  are  doubt- 
less quite  a  number  of  Europeans  who  have  made  trips  into  the  interior 
of  Borneo,  wiiliinu  reckoning  llic  Residents  of  Ihe  Dutch  and  Emrli'li 
companies),  but  I  am  sure  that  no  American,  and  probably  no  European, 
has  gone  further  therein  than  Dr.  Hitler  and  myself  or  under  similar 
circumstances.  We  went  up  ihe  river  as  the  guests  of  the  Chief  t«  be 
present  at  Ihe  ceremonies  and  feasting  to  be  given  in  honor  of  the  Nam- 
ing of  his  only  son  and  heir,  and  during  our  five  weeks  there,  we  lived 
intimately  enough  with  (liese  Jungle-people  to  get  thoroughly  into  their 
life  and  understand  their  trials  anil  sympathize  with  them  in  their  joys 

Our  canoe,  as  I  mentioned  before,  was  about  sixty  feet  long  and  aboat 
five  feet  wide  amid-sliips,  hewn  out  of  a  single  log,  but  deepened  con- 
siderably by  the  addition  of  planks  along  the  sides  bouudon  withrotant 
and  caulked,  thus  giving  about  six  inches  additional  free  board.  The 
men  while  paddling  sit  cross-legged  on  a  flooring  of  bamboo  strips 
tied  togctlier  and  placed  over  thwarts  about  two-t birds  up  the  side 
of  the  boal.  They  seem  to  be  able  to  keep  up  an  almost  mechanical 
stroke  from  daylight  till  dark  without  showing  the  least  fatigue,  and 
this,  loo,  on  two  meals  a  day,  consisting  mainly  of  rice  and  a  little  dried 
fish. 

Toward  dusk  of  Ihe  first  d»y  we  halted  at  a  sloping  sand  bank  en- 
closed on  three  sides  by  a  thick  hedge  of  wild  sugar-cane,  full  of  myste- 
rious rustlings,  and  stretching  far  over  the  low  ground  to  the  beginning 
of  the  Jungle.    The  other  boats  of  our  party,  numtverlng  eight,  were 


M9e.]  313  [FumcaB. 

already  tied  up  to  the  shore,  and  the  brown-skinned  men  in  their  scarlet 
waist-cloths  were  bustling  about  gathering  fire-wood  and  building  cranes, 
whereon  to  hang  their  little  pots  of  rice.  Soon  a  row  of  fires  started  and 
the  short  twilight  of  the  tropics  deepened  into  dark,  and  the  dancing 
fires  cast  giant  shadows  on  the  gray-green  leaves  of  the  wild  sugar-cane 
and  lit  up  the  intent  faces  of  the  natives  with  their  glistening  eyes  and 
brass-studded  teeth  as  they  squatted  beside  the  fires  and  stirred  their  pots 
of  rice.  When  the  evening  meal  was  ended  and  they  had  smoked  their 
long  cigarettes  of  Java  tobacco,  rolled  in  a  piece  of  dried  wild  banana 
leaf,  the  moon  came  up  and  the  embers  of  the  fire  were  scattered.  To  be- 
come more  intimate  with  them  we  entered  into  contests  in  broad  jumping, 
high  jumping  and  tugs  of  war,  and,  alas  for  me,  I  was  indiscreet  enough 
to  turn  a  hand  spring  for  them  and  also  walked  on  my  hands.  (Ever  after 
I  was  introduced  by  Tamabulan  to  his  friends  with  a  complimentary  re- 
mark that  I  could  walk  on  my  hands  and  turn  over,  and  be  it  on  muddy 
bank  or  hard  floor  I  was  always  obliged  to  repeat  the  performance. )  Then 
the  chief  retired  to  his  boat  for  the  night,  and  it  was  a  general  signal  for 
the  breaking  up  of  the  entertainment.  Grass  mats  were  brought  out  from 
the  boats  and  spread  on  the  sand,  whereon  the  men  flung  themselves 
for  the  night  in  the  soft  light  of  the  tropical  moon,  and  were  soon  lulled 
to  sleep  by  the  constant  drone  and  chirp  of  nocturnal  insects.  Early 
the  next  morning  we  awoke  and  saw,  by  the  light  of  the  setting  moon, 
the  men  shaking  out  their  mats  and  making  preparations  for  starting  off 
again.  We  were  soon  under  way  once  more,  and  between  waking  and 
sleeping  we  were  conscious  of  the  click  of  the  paddles  and  an  occasional 
shout  from  Tamabulan  ordering  his  men  to  paddle  faster. 

To  give  in  detail  all  the  long  days  of  our  trip  up  the  river,  and  our  visits 
to  the  different  houses,  would  be  wearisome  to  you,  as,  even  now  and 
then,  I  must  confess,  it  somewhat  was  to  us.  I  will  abbreviate  by  say- 
ing that  there  were  man}'  hard  times.  Three  men  died,  of  a  disease 
prevalent  even  here,  the  Grippe,  which  then  seemed  to  be  epidemic  on 
the  Baram  river.  Unfortunately  these  deaths  were  attributed  to  our 
presence,  and  a  council  was  held  and  we  were  requested  to  return, 
but  having  already  come  so  far,  we  begged  to  be  allow^ed  to  go 
on.  We  distributed  tobacco  and  medicine  and  held  large  clinics  in 
our  boat  for  the  treatment  of  an  inflammatory  disease  of  the  eyes, 
which  was  probably  due  to  constant  bathing  in  the  muddy  river  and 
to  not  closing  the  eyes  when  under  the  water.  The  rains  descended 
and  the  floods  came,  and  for  five  days  we  were  tied  up  to  the  bank,  unable 
to  proceed  on  account  of  the  force  of  the  current  and  the  immense  logs 
which  were  constantly  floating  down  stream.  Then  the  birds,  who  are 
the  guides  and  guardians  of  these  people,  were  harangued  and  threat- 
ened, and,  at  one  time,  an  attempt  was  made  to  fool  them.  The  whole 
party  pulled  up  to  the  bank  and  disembarked  with  their  spears  and 
parangs,  and  made  quite  a  circuit  through  the  jungle,  so  ns  to  make  the 
birds  think  that  they  were  not  going  home  but  w^ere  on  an  ordinary 


3U 


[DK.14, 


bunting  expedition.  On  nnotbor  ocrcasiou,  Dr.  llillcr  anil  mf*r\t 
were  sprinklL'd  with  wHtur  Ihrown  on  us  from  a  nick  cut  into  «lu*iii(i 
&t  tlie  end  and  bdd  ou  tlie  blade  nr  n  imrnog.  KinnUy,  wo  bngne  U» 
ascent  of  Iho  Patn  river,  one  of  the  largo  tribntiries  of  the  Barain,  *nd, 
after  three  da.TB  of  liard  boating  over  rapida  whii.'b  necMailaled  our  dift- 
umbarking  twice  and  carrying  our  boni  and  all  nar  bnlan^ingB  nvcrl4Bd 
for  a  short  distance,  we  arrived  within  one  tarn  of  tbe  river  from  Tama- 
bulan's  bouse.  Here  a  short  halt  for  finnl  puriflnntion  wna  mndr.  and 
an  arch  about  five  feci  high,  built  of  branchps,  was  erected  on  lb< 
beach.  Beneath  tbi»  arch  a  Are  nas  made,  and  then  Tamabiilan,  liold> 
ing  a  young  chicken,  which  be  waved  And  bmKh«d  over  nil  parts  of  the 
arch,  addreased  tlic  evil  apirits  which  had  beeu  following  uit  anil  forb»d« 
them  lo  follow  ua  Airlhcr  thrimgli  the  lire.  The  chicken  wa*  tbi-n  killed 
and  Ita  liluod  sprinkled  over  the  archway  and  in  Ihe  Itru,  aiid,  led  b« 
Tamabulnn,  thn  whole  erowd  AImI  under  the  arch,  and  us  thi^y  Etepitrd 
iiyer  the  Are  each  one  apit  Id  it  and  Immediately  took  his  place  in  th« 
boaCa.  A  half  hour  mure  brought  lis  to  thtr  huge  lug  which  aervnl  for 
a  lauding  along  tlie  shore  below  ihe  bouse,  QOO  feet  long,  of  Taiuabulau. 
The  hoasea  of  tbe  tribes  who  live  on  rivora  una  always  built  un  high 
ground  above  the  lianka  bo  that  they  arc  out  of  danger  fVttm  the  IV«u]nral 
freahets  which  occur  during  tbe  rainy  teason,  and  alao  that  th«y  way  ol>- 
aerre  Ihe  approach  of  enemiea  or  ft'lendg  coming  down  or  nacooding  tlM 
river ;  to  get  iittu  tlie  houses  you  have  lo  walk  op  a  log  about  ten  iodiw 
In  rtianieler.  niilchc'd  so  as  to  form  rougli  Blrps,  l.i-l  nie  licrc  briefly  Ar- 
scribe  the  tribal  and  household  life  of  (he  Kenniaha  and  Kayans,  which, 
in  almost  every  respect,  are  similar  The  inmates  of  a  "long-house  "  are 
H  collection  of  about  fifty  or  sixty  families  banded  together  for  mnlual 
protection  and  support,  and  since  there  must  be  a  centre  to  every  circle 
one  among  tbcm  is  selected  as  chief,  cillier  an  old  man  skilled  in  war 
or  one  rich  in  worldly  goods,  which  are  estimated  by  the  number  of 
headsheowns  (these  II re  not  marketable  but  bring  good  luck),  and  also  by 
the  nuniberofbrassgongsand  cannons  which  pass  for  money  ;  this  wealth 
may  be  accumulated  by  successful  raids,  or  by  sales  of  rotan  or  gntta  to 
the  Chinese  traders  in  tlie  bazaar  ;  one  of  Ihe  Baram  chiefs  has  become 
rich  by  Ihe  possession  of  a  cave  wherein  the  swallows  that  build  edible 
nests  abound.  Somelimes  the  government  of  a  household  is  hereditary. 
All  (be  minor  details  of  tbe  conduct  of  the  house  are  controlled  by  the 
OrangTuah.  or  (he  Oniiig  Kaya  (llie  old  man  or  thericAmnn),  na  the  case 
may  be;  but  Ihe  affairs  of  tbe  (ribc,  such  as  the  advisability  of  (heir  going 
on  Ihe  war. path,  cfc  are  left  to  the  I'engliulu,  who  is  responsible  only 
to  the  Itajiih  or  (o  his  ofilcers.  There  are  but  five  Penghulus  in  the  Baram 
distrlcl.  liut  (here  arc  as  many  Orang  Kayas  and  Orang  Tuahs  as  there 
ore  liousea.  The  long-houses  are  in  point  of  fad  small  villages  built  in 
a  Btniight  Hue,  on  high  piles,  for  protection  and  elevation  above  Ihe 
damp  ground.  Tambulau's  is  about  3-~>0  paces  long  and  rests  ou  piles 
about  fifteen  feet  high  made  of  magniflccnt  trunks  of  tbe  Billian  tree. 
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otherwise  known  as  Iron -wood  ;  some  of  these  posts  are  at  least  eigh- 
teen inches  in  diameter  stripped  of  their  bark.  To  enter  the  house  you 
most  ascend,  as  I  have  said,  by  a  notched  log  worn  smooth  by  the  passage 
of  many  bare  feet,  and  slippery  from  the  constant  wetting  of  heavy  dews 
and  frequent  rains  ;  there  is  no  railing.  At  the  top  of  this  rude  ladder 
you  enter,  under  the  eaves  of  the  house,  the  long,  wide,  general  living- 
room,  or  street,  where  most  of  the  life  goes  on,  and  where  there  is  a  con- 
stant haze  of  smoke  and  a  smell  which  is  a  mixture  of  wet  dog  and  musty 
garret.  The  floors  of  Tamabulan's  house  are  famous,  in  that  they  are 
made  of  unusually  large  hewn  planks  of  Billian,  some  of  them  being  five 
feet  wide,  placed  rather  loosely  over  the  cross  beams  underneath  ;  quite 
a  number  of  the  ordinary  houses  have  floorings  made  of  flat  strips  of  the 
bArk  of  the  Nibong  Palm. 

No  nails  are  used  in  the  construction  of  the  houses,  the  joists  being 
either  notched  to  fit  each  other,  and  then  pegged,  or  bound  with  rotan  ; 
the  roofing  is  either  composed  of  small  shingles  of  Billian  tied  in  place, 
or  it  is  made  of  a  thatch  of  palm  leaves ;  here  and  there  arc  trap  doors 
in  the  roof  which  can  be  raised  by  poles  to  admit  more  light  and  air. 
The  eaves  extend  down  to  within  four  feet  of  the  floor  and  from  them  to 
the  floor  is  built  a  grating  of  poles  laid  lengthwise.  This  space  admits  light 
and  air  throughout  the  length  of  the  house.  Along  this  opening  in  several 
places  are  platforms  raised  about  eighteen  inches  and  covered  with  mats 
made  of  woven  grasses  or  strips  of  rattan.  On  these  the  men  sit  and  talk 
or  form  interested  groups  round  one  of  their  companions  skilled  in  play- 
ing on  the  Ealuri  (one  of  their  most  musical  instruments,  constructed  on 
the  principle  of  the  bag-pipe,  except  that  a  long-necked  gourd  takes  the 
place  of  the  dog-skin  bag).  These  verandas  or  streets  are  not  cheerful 
places,  except  close  to  the  opening,  where  there  is  plenty  of  light ;  the 
eaves  come  down  so  low  that  a  few  feet  away  from  the  opening  it  is  rather 
dark  and  the  beams  of  the  house  and  the  floor  are  so  smoked  that  all  the 
light  is  lost  in  the  high  roof,  where  hang  hundreds  of  long  bunches  of 
ripening  bananas  and  dusty  old  rattan  traps,  like  long  round  baskets,  for 
catching  fish,  small  dug-out  canoes  warped  out  of  shape,  and  numerous 
other  native  articles,  stowed  away,  doubtless,  with  the  same  idea  that 
many  an  American  housekeeper  has  that  they  will  be  useful  to  some  one 
some  day,  but  that  day  never  arrives  and  they  occupy  their  place  in  the 
order  of  things  as  "dust  catchers."  Opposite  to  the  open  ventilation- 
space  is  a  straight  partition  running  the  w^hole  length  of  the  house  and 
dividing  the  private  family  rooms  from  the  general  thoroughfare  ;  the 
openings  into  the  rooms  are  about  twenty  feet  apart  and  are  about  three 
feet  six  inches  high  by  two  feet  wide,  at  a  distance  of  two  feet  from  the 
floor  ;  to  enter  you  must  step  over  this  threshold  two  feet  or  more  high 
and  the  door  is  pulled  to  with  a  weight  The  object  of  this  high  thresh- 
old is  to  keep  the  young  children  in,  and  to  keep  the  ubiquitous  dog 
out,  neither  of  which  purposes  is  attended  with  success. 

The  living-rooms  are  even  more  dingy  and  smoky  than  the  public  pas- 
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sage-way.  On  entering  Tamabulan's  TOom  I  irfts  tlwaya  i 
lest  in  the  darkness  I  should  Iread  on  a  baby  or  a  puppy  or  Blip  do* 
ILrongh  tbe  flooring.  Once  inside  tlie  room,  however,  and  over  n 
light,  everything  was  ail  right,  and  Bulan.  Iher  eldest  cliild  of 
Tamabuian,  and  from  whom  the  chief  taltes  his  Dame,  (in  tiiat  efuniry 
the  child  is  fiilher  of  the  man  in  cognomen)  received  as  witli  aU  the 
dignity  befliting  hisr  station.  Tor  in  point  of  birth  ehe  w*b  a  ruli-lilo(Kl«d 
princess,  although  she  did  only  wear  one  scant  garment  extending  from 
her  hips  to  a  litlle  below  her  knee,  and  oven  this  garment  was  split  do vn 
one  Bide.  She  was  certainly  a  most  dignified  girl,  possibly  aboat 
eighteen,  with  a  mild  gentle  look  in  her  eyes  which  she  openwl  sinl 
shut  with  an  impressire  solomnity ;  lier  teeth  of  course  wore  blackeneil, 
but  well  sliaped  and  regular ;  her  hair  was  glossy  black,  parted  in  the 
middle  and  brought  down  low  over  her  forehead  and  kept  in  place  bv  i 
fillet  of  plaited  rolRU  around  hor  head  :  her  eyebrows  had  cither  bwn 
shaved  or  depilated.  The  only  blot  upon  her  beauty  was  one  of  hrr 
ears  ;  her  over-am  bilious  parents  had  put  in  too  heavy  weights  when  ibp 
was  young,  and,  alas,  one  of  her  IjeauliM  car  lobes  had  given  way  i  h 
had  Iwen  patched,  but  the  patch  showed  plainly  and  an  ugly  lump  rr- 
BUtted.  Indeed,  how  true  in  all  climes  is  it  that  Jl  faut  toaffrir  pour 
itrebtlle.  I  showed  Her  High  uess,  Princess  Bulan,  some  pictnres  of  Amer- 
ican women  In  Harper'*  Weekly,  which  1  had  brought  from  Baram  to 
while  away  the  hours  In  the  boat,  and  she  laughed  much  at  the  fnnnr 
custom  of  sqileeillliff  in  waiuls,  which  I  was  olilii^cil  lo  tcU  her  wa;  •\-m'- 
by  means  of  steel  Iwnds  laced  tightly  al)out  them.  This  seemed  in- 
comprehensible to  ber,  and  sucli  sutfcring  intolerable.  In  every  picture 
I  had  to  tell  ber  which  were  the  women  when  only  the  head  and 
shoulders  were  shown  ;  there  seemed  to  be  no  difference  to  her  in  the 
faces  except  of  course  where  either  beard  or  mustache  marked  the  men. 
The  room  in  which  the  THmabulun  family  lived  was  much  like  all  the 
rest ;  it  was  large  and  square  with  three  small  closet-like  rooms  parti- 
tioned olT;  these  were  the  sleeping  apartments  for  the  young  girls  and 
for  Tamahulan  and  his  two  wives,  and  the  third  was  for  his  slave  and  hi: 
family  ;  they  were  not  neat  little  rooms  with  warm  tropical  breeies 
waflin;;  in  the  delicate  odors  of  orchids  from  the  jungle,  but  black  Utile 
cubby  boles,  with  nothing  but  s  mat  for  a  bed  and  the  small  smokmg 
coal -oil  lamp  made  of  tin,  or  a  lump  of  damar  gum  sputtering  and  smok- 
ing on  a  si-ooped-out  stone,  for  a  light.  Bulan's  room  was  pathetic  iu 
that  slie  had  made  an  attempt  at  making  it  a  little  more  dainty  by  fasten- 
ing a  piece  of  bright  calico  upon  the  wall  to  relieve  the  monotony  of  the 
darkened  wood  ;  she  bad  also  arranged  some  pretty  black  and  yellow 
bead-work  baskets  in  one  corner  ;  these  were  her  wealth.  In  the  comer 
between  Taniahulan's  room  and  that  of  his  slave  was  the  flreplsre, 
merely  a  flat  cake  of  clay  over  a  few  slouea  laid  down  on  the  flooring. 
There  was  no  chimney  and  the  smoke  had  to  find  its  way  up  to  the  roof 
or  out  ol  the  window  in  the  back  wall  of  the  house,  where  there  was  not 
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the  continnons  opening  between  the  eaves  and  the  floor  as  at  the  front 
of  the  house,  but  where  it  was  boarded  up  and  light  and  air  were  admit- 
ted either  through  small  windows  or  through  the  trap  doors  in  the  roof. 
From  most  of  the  rooms  there  was  also  a  door  and  a  flight  of  steps,  or 
rather  a  notched  log,  leading  down  to  the  rice  storehouses  behind  the 
house,  where  the  women  were  occupied  every  morning  pounding  the 
husks  oflT  of  the  rice  and  winnowing  the  chafl*.  In  all  of  the  Kayan  houses 
the  rice,  or  paddi,  as  they  call  it,  is  pounded  in  the  house,  but  the  fine 
flying  chaff  is  not  only  irritating  to  the  nostrils  but  sometimes  produces 
an  itching  eruption  on  the  skin,  so  Tamabulan  very  wisely  has  all  this 
work  done  out  of  doors.  Everywhere  in  the  house  roam  most  persist- 
ently ravenous  dogs  of  the  most  mongrel  type ;  no  one  seems  to  like 
them  and  a  chance  is  never  neglected  to  thump  them  or  hit  them  with  a 
stick.  We  were  warned  beforehand  by  Mr.  Hose  to  tie  our  boots  up  to 
the  rafters  at  night  lest  the  dogs  should  eat  them.  What  their  true  use 
is  I  never  could  find  out.  The  men  told  me  they  were  for  huntmg,  but 
I  never  saw  them  taken  out  in  the  jungle  nor  did  they  appear  to  have  any 
master  in  particular.  Beneath  the  house  where  the  boats,  not  in  actual 
use,  are  stored,  pigs  forage  for  any  stray  scraps  of  food  which  may 
drop  through  the  flooring  above  ;  and  at  the  back  of  the  house  where 
the  paddi  is  beaten  out  was  always  a  flock  of  chickens,  kept  partly  for 
food  and  partly  for  sacrifice ;  thus  in  most  of  the  surroundings  there  is 
an  element  of  farm  life. 

While  we  were  off*  on  a  visit  of  five  days  to  a  Kayan  chief  on  the 
Apoh  river,  Tamabulan  had  a  cozy  little  room  partitioned  off  for  us, 
and  when  we  returned  he  led  us  up  to  it  with  pride  and  told  us  that  he  had 
made  the  door  to  fasten,  so  that  the  children  could  not  annoy  us,  but 
even  as  he  spoke  there  was  a  line  of  beady  little  eyes  peering  at  us 
through  a  crack,  and  we  thought  of  the  small  boys  who  lift  the  canvas 
of  the  circus  tent.  The  small  boys  were  our  chief  friends,  and  head  of 
them  all,  although  not  by  any  means  the  oldest,  was  the  rascally  little 
Adorn.  There  was  no  feasting,  there  was  no  mourning,  in  fact  no  inci- 
dent of  interest,  complete  without  the  face  of  Adorn  peering  from  his 
perch  on  a  rafter  or  beaming  out  from  among  the  stack  of  long  bamboo 
water  jugs  standing  in  a  rack  in  the  corner.  Like  the  mongoose,  in 
Kipling's  Jungle  Book,  his  motto  seemed  to  be  :  '*  Run  and  find  out !  " 

Let  me  finish  by  giving  you  an  account  of  one  day  as  a  specimen  of 
all  days  spent  beneath  the  hospitable  roof  of  Tamabulan.  Would  that  I 
could  only  give  it  to  you  with  all  the  distinctness  that  the  mere  recount- 
ing brings  out  in  my  mind  ! 

We  awoke  with  the  first  crow  of  the  cock,  which  breaks  the  silence  of 
the  night  and  dies  away  in  the  jungle  without  the  far-off"  response  from 
neighboring  farms,  to  which  we  are  accustomed  in  the  country  here 
at  home.  Then  a  dog  rouses  up,  yawns  and  stretches  and  shakes  off 
the  ashes  of  the  fireplace  where  it  had  been  sleeping  and  begins  the  daily 
round  of  quarrels  with  its  companions.     Then  the  daylight  gradually 


creeps  Id  nud  a  door  alami  witli  n  liane  nt  the  fHr  (>nil  of  the  Uoimb, 
where  tliF  poorer  &nd  hard-warking  pcuple  live,  nmt  a  woman  wiib  * 
bundle  uf  bnniboo  nutar  vuaeele  slung  nn  her  luck  liurrics  along  to  iht 
Blatrvsy  down  to  Ibc  river.  She  lookH  JuhI  the  Mtne  as  when  eh«  w«Dt 
to  sleep.  Her  drees  is  (ho  same  and  her  hntr  is  in  a  diaordurn)  laagU. 
and  as  fbe  walks  her  feel  come  down  heavily  on  rhf  warpevi  plaab 
and  make  lliem  rattle,  no  dniibt  li)  wake  Iho  Ibkf  nion,  wliu  sleep  i)ii 
and  lei  the  women  make  the  Are  and  get  the  water  whili-  thny  uioatt. 
Soon  she  comeB  baok,  her  hair  dripping  and  glossy  and  tittle  drupi  of 
water  still  clinging  to  her  skin.  By  Ihis  time  there  is  qnite  a  proccuiiaii 
of  women  going  down  lo  bathe  and  get  the  eookintt  water  from  lb* 
river,  and  there  is  a  slamming  of  doom  and  a  lew  wails  from  tht^  childnu, 
and  laments  Ttom  the  dogs  when  Ibey  get  a  Ihnmp  from  a  warrior  wbo 
wakes  to  find  that  be  has  been  file<>piug  wiih  hla  face  rloae  lo  lh« 
dog's  niangey  liack.  Then  the  men  wlio  liave  liwn  slw-'ping  on  the 
raised  platlbrin  in  front  of  the  long  slatted  window,  unroll  tliem- 
selves  from  their  shroud-IIke  coverings  of  eoltim  fioUi,  once  while, 
and  a  little  ham  of  conversation  springs  mi,  iMwsilily  a  i-oinparison 
of  dreams.  Ibe  intcriiretat  ion  of  wUieh.  as  In  all  iiiiedncaled  clawr*. 
has  great  hearing  on  their  dally  life.  The  mother  who  comes  oui  with 
her  babies  in  her  arms,  or  sitting  aatrlde  of  her  hips,  knows  nothing 
of  onrcQstftm  of  raresslng  with  a  kiss,  tiuiinbermalernal  barBtsofsffeo- 
Iloa  she  hnrles  her  fltce  in  the  neck  at  the  thild  and  draws  in  a  long 
brealb  tlirnnub  her  iiostrils  ;  in  fuel,  she  smells  fl.  In  tlicirbinsuuae  \ht 
verbs  to  imell  anil  lo  kitt  are  the  same.  Then  down  she  goes  lo  the 
river  and  takes  the  morning  bath  with  her  child  in  her  arms,  some- 
times holding  it  by  the  bands  and  telling  it  kick  out  its  legs  like  a  frog 
— the  first  lessons  in  swimming.  One  by  one  the  men  straggle  off  to 
bathe  in  the  river  and  never  miss  the  opportunity  of  telling  us  that  Ihey 
were  going  to  batbe,  and  wlien  ttiey  rcuirned  Ihey  were  also  most  pnac- 
tillous  in  telling  ns  Ibtit  they  had  bathed.  With  all  this  bathing,  how- 
ever, they  are  not  a  cleim  people.  Soap  is  unknown  to  Ihem  and  ther 
never  nse  tiot  water,  ronsct|Uently  their  skins  have  not  the  soft  velvety 
appearance  that  constant  bathing  usually  produces.  We  gave  some  of 
the  girls  cakes  of  Pears'  soap,  Inil  tbcy  ate  them. 

After  Imtbing  there  is  a  lull  in  the  activity  of  the  hoase,  wbile 
the  married  women  and  young  girls  cook  the  morning  meal  of  boiled 
rice  and  dried  sailed  lish.  (By  the  way,  their  method  of  obtaining 
salt  is,  perha[>s,  peculiar.  They  burn  the  stalk  of  the  Nipa  patm,  which 
grows  in  salt  or  brackisb  water,  and,  liy  soaking  the  ashes  and  allowing 
them  lo  setile,  Ihey  get  a  very  coarse  and  dirty  (lualiiy  of  salt,  of  which 
they  are  very  fond.)  In  eating  tbey  use  neither  plate  nor  chop- 
sticks; liLit,  like  till-  Malays,  they  eat  with  Iheir  Angers,  cramming 
their  mouths  as  full  as  they  can  al  one  lime  and  then  taking  a  pincb  of 
ttic  finely  crumbled  dried  salt  fish.  They  do  not  cat  from  one  commoa 
dish  ns  do  Ihc  Chinese,  but  each  person  has  his  allotted  share  piled  Upon 
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a  thick  sheet  of  the  inner  bark  of  a  tree  (I  think  it  was  the  tough  inner 
layers  of  the  stalk  of  a  banana),  and  his  portion  of  fish  is  placed  on 
another  smaller  leaf,  or  if  the  family  is  of  the  "  Four  Hundred  "  they 
may  have  a  pressed  glass  bowl.  The  daily  meals  in  the  houses  (there 
are  usually  only  two  meals  a  day)  are  somewhat  private  affairs,  but  they 
always  informed  us  when  they  were  going  to  eat,  probably  so  that  we 
should  not  pay  them  a  visit  at  that  time.  They  likewise  always  lefl  us 
to  ourselves  when  we  ate.     We  carried  with  us  a  Chinese  cook. 

After  breakfast  there  were  always  parties  of  men  and  women  setting 
out  for  the  clearings  where  the  rice  was  planted,  and  armed  with  a 
billiong  (^the  adze-like  axe,  which  they  use)  and  their  parang,  and  their 
spear,  the  men  go  down  and  get  the  boat  ready,  and  the  women  follow 
after  with  the  paddles,  and  hampers  to  bring  back  bananas  or  bunches 
of  tender  young  fern  fronds,  which  they  make  into  a  stew.  Then  the 
house  settles  down  to  the  ordinary  tasks  of  weaving  cloth  or  pounding 
the  husks  off  the  paddi  by  the  women,  and  sharpening  spears  or  deco- 
rating parangs  by  the  men  industriously  inclined  ;  but  the  latter  are  rare. 
They  usually  spend  their  time  in  silly  chatter  with  their  companions  or 
merely  sit  and  think,  aided  by  long  draughts  of  smoke  drawn  deep 
into  their  lungs  from  the  strong  Java  tobacco  cigarettes,  which  they  roll 
for  themselves  out  of  banana  leaves.  Men,  women,  and  children  all  smoke 
tobacco,  which  they  grow  for  themselves,  in  part,  and  in  part  bring 
firom  a  bazaar  far  down  the  river.  The  boys,  ever  ready  for  sport,  we 
used  to  arm  with  butterfly  nets  and  send  them  out  in  search  of  insects 
of  all  kinds.  They  knew  their  haunts  much  better  than  we  did,  and 
chasing  butterflies  in  the  tropics  is  not  the  best  fun  in  the  world.  We 
much  preferred  to  sit  in  the  shade  of  the  house  and  fold  the  insects, 
when  caught,  in  paper  and  pack  them  away  in  our  tins. 

Morning  wore  into  afternoon,  and  then  we  would  sit  on  the  river  bank 
and  watch  from  a  high  bluff  the  young  girls  taking  their  bath  and  recrea- 
tion. Here  let  me  say  a  word  in  favor  of  their  modesty.  We  never  saw 
the  faintest  conscious  immodesty.  We  used  to  sit  lost  in  admiration  at 
their  skill  in  swimming.  It  was  a  sort  of  game  of  tag  they  were  always 
playing,  only,  instead  of  one  chasing  all,  all  chased  one,  and  this  one 
would  get  off  some  little  distance  from  the  crowd  and  then  suddenly 
disappear  under  water.  Then  the  chase  began.  All  swam  as  fast  as 
they  could  to  the  spot  where  she  had  vanished,  some  swimming  with 
a  rapid  overhand  stroke,  while  others  swam  entirely  under  the  water. 
Then,  possibly  still  in  front  of  them,  possibly  far  behind  them,  up 
bobbed  the  girl  who  was  **  it,"  shaking  the  water  from  her  eyes  and  giv- 
ing a  shout  of  derision  at  her  pursuers.  Down  she  went  again  and  the 
chase  was  renewed,  all  under  water,  so  long,  sometimes,  that  the  sur- 
face of  the  river  became  perfectly  smooth,  and  no  one  would  have  im- 
agined that  in  another  moment  it  would  be  again  bubbling  up  and 
dashed  into  spray  by  a  crowd  of  laughing,  shouting,  black-haired  savage 
girls.     (We  never  saw  the  boys  play  in  the  water.)     Back  and  forth, 


up  and  down,  they  spluthed  hom  noe  side  of  the  rirer  tu  the  other,  nn- 
til  ODL-  of  tbo  men  called  to  them  from  iLe  house  lo  slop  Ihfir  sport  1M 
the}'  rouse  it  Bleeping  crocodile.  This  put  an  end  ui  ih«  fua.  An'iiher 
thiug.  which  waa  quite  new  to  ns,  was  the  way  in  which  they  roiildplij 
n  sort  of  tune  hj  Bplashing  their  hands  in  the  water  and  Happing:  ilifir 
■trrna  lo  their  sides.  Ttie;  stood  in  a  group,  und  hy  ainkJng  their  haodl 
bacric  downward  In  the  water  and  then  clapping  them  ttbove  the  watfC 
and  slapping  their  elbows  lo  their  sides,  Ihey  produced  a  M'ries  of  differ* 
ent  soiindB,  like  that  of  a  large  stone  dropping  into  a  deep  pool,  with  I 
rhj-thin  that  was  perfect  and  very  pleasing. 

Afternoon  deepened  into  dusk,  and  the  workers  from  the  fields  cMmt 
home  and  trudged  wearily  up  the  bank  and  disappeared  through  tbt 
little  doorways.  Small  flickering  lamps  were  tit  here  and  there,  and  tha 
Are  on  the  hearth,  where  our  Chinese  nook  was  preparing  our  rice  aA 
tinned  meats,  disseminated  a.  cheery  glow  and  a  smell  of  frjing  bM 
throughout  the  long  corridor,  and  I  am  sure  that  if  the  ghastly  row  qf 
human  sklills  above  our  Qreplace  had  had  ehops  to  lick  Ihey  would  lat* 
licked  them.  At  night,  ncr^OTding  to  Tnniahnlan's  orders,  no  women  n* 
allowed  ont  in  the  imhiic  ihoronghfare.  So  if  we  wanted  mcial  Ufa  w^ 
went  round  visiting  in  the  evening.  A  girl  named  Bani  »eented  to  iM. 
the  belle  of  the  house,  but  why  I  do  not  know,  unless  it  waa  ber  poww 
of  uooveraatioD,  which,  being  foreignera,  we  could  barely  appreciate.  Sbft 
Cfnainly  was  not  pretty,  Wc  much  preferred  the  socloiy  of  Uojan  aoC 
her  sisltT  Lishan,  who  iil  ways  had  a  poi'd  store  of  cigiir<'tli's.  and  wiio#e 
stock  of  Burolt,  or  home-brewed  arrack,  was  above  reproach.  Mnjan 
gave  me  her  ear-rings  before  I  left,  and  in  return  I  gave  her  a  cake  of 
soap  and  a  piece  of  yellow  cloth  to  lie  round  her  head. 

Then  the  household  quiets  down  for  sleep,  and  we  secluded  ourselves 
in  our  liltle  pen  and,  strelchcdoul  on  our  mats,  dozed  off,  scarcely  realiz- 
ing that  we  were  In  the  heart  of  the  Bornean  jungle  in  the  house  of  • 
band  of  !iavage  head-hunters. 

Thus  the  days  passed,  and  the  day  of  our  departure  was  hastened 
somewhat  by  (he  unexpected  cimnge  of  a  festival  into  a  funeral,  by  the 
sudden  death  of  a  young  married  woman.  Unfortunately  this  death 
was  also  attributed  to  our  presence,  and  had  it  not  been  for  the  staunch 
friendship  of  Taniabulan  and  some  of  his  men  our  heads  would  now  be 
decorating  the  flreside  of  a  Kayan  long-house.  We  did  not  know  until 
a  while  aAer,  when  we  saw  Taniabulan  again,  what  great  danger  we 
had  l)ecu  in  that  night.  However,  "All's  well  that  ends  welt,"  and 
by  the  lime  we  were  ready  to  start  on  our  return  we  were  again  in  good 
favor,  and  after  a  hearty  hand-shake  all  round  we  bade  farewell  to  dear 
old  Tiiinabalan  and  pushed  out  into  the  river  amid  waving  of  big  hate 
and  while  cloths,  and  the  long  drawn  "  Tabi,  T^aan,  Tabi  "  followed 
after  us  and  echoed  in  the  jungle,  even  after  we  had  rounded  the  turn 
and  lost  sight  of  our  Bornean  friends  for  ever. 
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A  Brief  Report  of  a  Journey  up  the  Eejang  Biver  in  Borneo. 

By  ff.  M,  Hiller,  M.D. 

{Bead  before  The  American  Philosophical  Society,  December  18,  1896.) 

The  Hejang  is  the  largest  river  in  the  north  and  west  side  of  Borneo 
— ^if  not  of  the  entire  island.  Rising  in  the  unknown  mountains  called 
Apoh  Byang,  it  falls  in  rapids  and  torrents  until  the  Belaga  adds  its 
waters  ;  from  here  it  courses  a  level  table  land  until  the  cliffs  above  the 
mouth  of  the  Balleh  are  reached  and  it  channels  its  way  through,  or 
dashes  over  the  rocks  in  a  series  of  rapids  and  cascades.  The  stream, 
from  this  point  influenced  by  the  tide,  finds  its  sluggish  way  to  the  sea, 
confined  by  low  jungle-covered  banks,  which  farther  on  degenerate  into 
mangrove  swamp — and  hedges  of  nipa  palms,  whose  frond-like  leaves 
reach  often  a  height  of  thirty  feet.  The  general  course  of  the  river  is 
from  east  to  west,  and,  roughly  estimating,  it  is  about  270  miles  to  Belaga 
— beyond  which  the  distances  have  not  been  computed.  At  Sibu  the 
mile-wide  channel  breaks  into  a  delta  whose  mouths  extend  along  the 
coast  for  fifty  miles.  Foreign  timber  ships  eijter  the  deep  waters  of  the 
delta,  while  trading  schooners  and  vessels  of  light  draught  ascend  to 
Sibu  and  even  to  Eappit,  a  distance  of  150  miles — beyond  the  latter 
place  only  canoes  are  possible  and  these  ascend  often  with  great  difll- 
culty,  but  away  in  the  mountains  the  Malay  and  Chinese  trader  venture 
in  their  small  canoes. 

Sibu  is  the  second  town  of  importance  in  the  province  of  Sarawak. 
Consisting  of  a  Malay  village,  a  Chinese  bazaar,  a  fort  and  the  homes  of 
the  officers,  it  guards  the  upper  river  from  inroads  from  the  sea. 
Kanowit  and  Song  are  unimportant  trading  stations.  Kappit  has  the 
added  dignity  of  a  wooden  stockade,  and  protects  the  people  between 
the  falls  and  the  delta  from  the  maurauding  excursions  of  the  hill  tribes. 
While  the  detached  fortress  at  Belaga  ineffectually  keeps  the  peace  be- 
tween the  warlike  mountain  tribes  whose  houses  extend  as  far  as  the 
river's  source. 

Between  the  strongholds  are  the  habitations  of  Dyaks,  Kanowits, 
Tanjongs,  Punans,  Eayans  and  other  tribes,  their  houses  being  built 
close  to  the  bank  of  the  stream  that  acts  as  a  highway.  Almost  every 
tributary  stream  is  a  branch-road  leading  back  to  some  settlement  where 
the  natives  have  gone  in  search  of  virgin  jungle  wherein  they  make 
clearings  for  their  rice  fields. 

Crocodiles  infest  the  muddy  banks  and  terrorize  the  natives,  whose 
efforts  at  cleanliness  are  often  rudely  ended  by  the  sudden  rush  of  the 
treacherous  animal.  Deer,  wild  pig  and  wild  cattle  roam  the  jungle 
almost  undisturbed,  for  the  natives  are  farmers  rather  than  hunters  and 
the  duties  of  rice  cultivation  and  the  gathering  of  gutta  and  rattans 
leave  little  time  for  the  chase.     Yet  the  presence  of  many  dogs,  the 
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antlers  of  deer  nod  the  horns  of  cattle  decorating  Iheir  houses,  leslify  tn 
au  occasional  hunling  excnrsion. 

Their  methods  of  cultivation  arc  crude,  and  often  before  Ihe  plajilinf 
Beason  arrives  they  And  their  store  of  rice  is  euded  ;  then  Uiey  luiw 
soek  in  the  jungle  for  their  food  ;  roota,  ferns,  fruits  And  any  itrayanimul 
or  bird  that  crosses  their  path  fall  to  the  blow -gun  or  spear  and  finds  'bi' 
way  to  their  cooliing  pots.  But  rice  is  the  all-iniporlaDt  food,  and  lu 
secure  a  full  supply  all  their  best  ciTorts  are  given.  Preparatory  fc«i- 
rala  are  arrauged,  field  ^iteeare  selected  and  111?  outfo -birds  ar^  cuu- 
sultcd,  for  all  the  tribes  are  more  or  less  influenced  l>y  the  omens ;  bird'. 
noimala  and  snalies  being  Ihe  chief  objects  consulted.  In  fart. 
scarcely  anything  of  ini]}ortance  is  undertaken  without  first  consulting 
the  birds  and  they  abide  by  their  decision  no  uialter  what  the  ctwt. 
llalf-<neared  flelds  are  abandoned,  a  completed  new  house  is  deserted, 
or  a  war  expedition  even  is  turned  back,  if  Home  ineignillcani  bird 
whistles,  or  a  frog  is  seen  at  some  especial  lime  or  place.  The  subjM'i 
is  intricate,  deep  and  absorbing,  and  shapes  their  lives  as  much  as  any  rv- 
liglon  could.  But  when  favorable  omens  are  once  secured  the  clearing  nf 
forests  goes  rapidly  forward  and  the  heavy  layer  of  aelies  obtained  bit 
firing  the  brushwood  and  logs  acts  as  a  splendid  and  ready  fertillxcr. 
A  new  field  is  cleared  each  year  and  the  old  one  left  to  return  to  JUDgl« 
Again.  The  grain  is  planted  amongst  the  stumps  and  half-hunted  log* 
ftnd  under  the  iufluence  of  the  warm  moist  climate  soon  springs  into  * 
rich  harvest.  Yet  it  is  n  lontt  and  wpsry  wny  from  the  plantins  In  lli- 
granary,  fur  lUe  beasts  and  birds  levy  their  tribute  and  the  insects  often 
destroy  the  remainder  and  the  poor  cultivator  enters  upon  a  season  of 
starvation,  or  of  debt  to  the  traders,  who  import  rice  from  Java.  For- 
tunately the  sago  palm  grows  throughout  the  island,  and  though  a  poor 
food  nill  helps  to  sustain  life  until  the  return  of  the  planting  season. 

One  planting  season  a  Kayan  chieftain  conceived  the  brilliant  idea  of 
planting  biscuits.  lie  prepared  an  exceptional  field,  secured  good 
omens,  strewed  Huutly  and  Palmer's  best  brand  in  among  the  stamps 
and  then  marveled  that  the  rare  and  novel  grain  did  not  spring  into 
abundant  harvest,  ' 

The  festivals  preparatory  to  the  harvest  and  following  it  are  usually 
Ihe  occasions  for  great  revelry.  All  the  neighbors  come  in  their  boats 
for  fifty  and  sixty  miles,  or  even  further ;  great  quantities  of  rice-spirit 
(arrack)  having  been  preparing  for  a  month  or  more.  Huge  piles  of 
rice  are  cooked  and  many  pigs  are  slaughtered.  They  eat  and  drink, 
then  have  a  series  of  dances,  then  cat  and  drink  again  ;  by  this  time 
same  of  the  men  usually  require  sleep,  so  they  crawl  to  one  side  of  the 
veranda  or  street,  while  dancing,  drinking  and  feanting  continue. 

I  rememt>er  three  old  men  dancing  together  after  many  others  hsd 
succumbed ;  shaking  a  brush  in  front  of  them  with  one  hand,  a  nake<l 
parang  (or  sword)  in  the  other,  they  brushed  out  the  spirits  from  all  the 
dark  coruers  and  hewed  and  hacked  their  imaginary  forms.     I  often 
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wondered  if  it  was  an  orthodox  dance,  or  a  mild  form  of  delirium 
tremens.  When  tliey  are  performing  their  rites  and  omens  they  sug- 
gest insanity  to  us.  It  was  at  the  same  feast  we  saw  Dyak  women  in 
all  their  best  clothes — gaudy,  cheap  silk  or  satin  sarongs ;  a  brass 
cuirass,  polished  for  the  occasion,  which  confined  their  supple  waists  and 
extended  over  their  hips  ;  wonderful  caps  of  rattan  frame-work  covered 
with  beads  which  branched  in  all  directions,  resembling  rare  insects. 
One  belle,  in  addition,  wore  a  wide  piece  of  cloth  falling  from  her  neck 
down  her  back  to  her  heels— a  modified  Wateau  plait — and  the  bottom 
was  hung  with  a  lot  of  old  brass  bells  that  banged  and  jangled  against 
her  bare  heels  at  every  step.  But  with  all  this  play  they  do  not  forget 
the  birds,  and  we  helped  fill  the  baskets  with  food  which  were  later 
hung  near  the  new  clearings  and  the  birds  come  and  feed  thereon  and 
feel  more  kindly  to  the  tillers. 

In  the  lower  Rejang  the  Dyaks  have  become  successful  farmers, 
primarily  because  the  soil  is  more  fertile  than  in  the  mountains  and 
also  because  the  government  forts  protect  them  from  the  neighboring 
warlike  tribes. 

Below  Belaga  they  can  plant  their  paddi  or  gather  their  gutta  with- 
out fear,  while  above  this  fort  at  no  time  are  they  ever  safe,  and  they 
always  carry  their  weapons  and  keep  on  their  guard  lest  they  be  mas- 
sacred by  the  marauding  bands  from  over  the  Dutch  border  Also  in 
traveling  they  have  the  same  advantage — where  the  river  is  influenced 
by  the  tide  you  see  single  small  canoes  going  to  and  fro,  while  in  the 
upper  waters  they  go  in  parties  of  five  or  six  large  boats  for  mutual  pro- 
tection, and  also  for  mutual  aid  in  ascending  the  rapids  :  for  it  often  re- 
quires their  united  efforts  to  haul  a  boat  around  a  cascade. 

You  may  ascend  as  far  as  Kappit  in  the  small  government  steamers 
that  occasionally  go  up  to  the  fort  for  jungle  produce,  i.  «.,  gutta  and 
rattan.  Here  you  must  secure  a  canoe  and  a  crew  of  ten  or  a  dozen  men  ; 
Tanjongs  or  Kayans  are  best.  In  a  few  hours  you  pass  the  mouth  of 
the  Balleh,  and  a  short  distance  above  this  enter  the  swift  rapids 
where  paddles  are  useless.  Poles  are  substituted  to  push  the  boat  over 
the  shallows,  while  some  of  the  men  wade  in  the  stream  or  walk  along 
the  bank  pulling  at  the  long  rattan  which  serves  as  a  painter. 

This  method  of  progression  fails  when  the  falls  of  the  Rejang  are 
reached — ^a  series  of  small  waterfalls  with  intervening  rapids  down 
which  the  waters  rush  with  irresistible  force.  Great  black  rocks  or  huge 
wooded  islands  stand  in  midstream  around  the  bases  of  which  the  water 
swirls  and  eddies.  Long  buttresses  resembling  walls  of  masonry  thrust 
themselves  almost  across  the  stream  and  the  pent-up  current  rushes  around 
the  end  as  through  a  broken  dam — or  again  the  rocks  rising  like  a  wall 
form  an  effectual  barrier  over  which  the  water  tumbles  in  a  number 
of  small  cascades.     Around  these  obstructions,  or  over  them,  the  boats 
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mni>t  be  hnulci],  Tor  they  are  too  heavy  to  be  c»rri«il.  Thia  labor  takn 
a  il&y  ui  Ii^ast  and  otten  two  are  cooBumiid  bcfom  IraiKiiitl  n->irr  i»niiii* 
of  tho  usu  of  the  imddle.  It  requires  itboui  two  daya  Ui  trnvorw  tlw 
tablc-laud  that  rcnclies  b«  far  as  Diati's  hnasc.  anil  nothing  lirralu  (he 
moniilniiy  of  1(iw  Juugle-iiued  shore  aavu  uu  otusiaioaal  bawkutinoD- 
key,  nor  Ibe  inlnnac  iiuiet  of  the  dny  save  the  regular  click  riack  of  the 
paditlea  ugaloM  the  boat's  side  as  ihey  fal)  to  th«  luoasared  atrokc. 

When  the  scmnil  mpida  arc  reached,  Ihe  rc^vnvry  iinjirovrrs ;  ihe  lo* 
hills  are  backed  by  higher  hills,  and  alnng  Iho  r«arhf«  of  the  rivpr  tht 
mniintainN  in  the  interior  raise  their  purple  p<<uka  many  thunaiiDd  fM( 
against  the  sky,  rncky  banks  succeed  the  low  muddy  sboroa  and  habila- 
Uunsbfcomo  more  frequent.  But  thi-a(ic«Dt  becomes  moreand  inontdllB-  ' 
cult,  and DTery  mile  bringsits  rapfdNor  Hinalleaacade,  norie  Uii-'reauy  itn-  || 
provemeut  thtr  fartlier  »n«  asccDda,  and  before  the  loai  bi>UM«  are  rewind 
the  cnnoesi  muat  be  abandoned,  yet  lUe  way  still  leada  up  the  bed  uf  tbf 
stream.  The  deicnnt,  on  the  other  hand,  can  be  BM-uinplislinl  in  on» 
third  Ibe  tlrnft— whuie  you  ascended  only  by  tlio  utmost  exertion,  haol- 
ing  by  rattans,  poling  or  even  ritnging  on  with  the  hands  tii  tli«  eiun« 
and  bruueh«s,  yon  can  shoot  down  at  a  KirriHc  gnlt.  A  nlevramao  stand- 
ing  In  lh«  sttrrn  nud  one  in  tba  prow  gaide  the  boat  In  and  out  auiuag 
the  rocks — avoiding  tltc  cliff's  against  whose  bas<:x  ibc  cnnvni  srcoi*  mn 
tn  drlvi?  Iliem.  or  holdlug  itie  ctiuoii  atmigbt  aa  it  leaps  the  small  rat- 
cadea.  Few  aporta  an  morn  exhilarating,  tliough  many  nrc  leaa  daft- 
gerous,  iinil  llic  "rip"  a  Jaeged  rock  makcis  b  lien  Ibe  boat  plungcuna 
ii,  i<  not  the  iiKinf  iiiusicHl  sound  in  the  world,  even  to  an  old  boutmsD, 
atiil  )t  i>  :iluL'i!^l  I'lTliiin  death  to  be  upset  on  tbc  rapids. 

W'l-  sociiriil  fli'vt-n  Kayans  to  take  us  from  Kappit  to  Belaga— all  vonnB 
iiicji  niii'.'iiig  I'roiu  lifletn  to  Iweuty  years  old,  yel  from  Ibeir  lifelong 
e\]>r  rii'iK'i'  on  Ihi'  river  tliey  were  skillful  boatmen.  We  had  in  a<ldi- 
liuii  <iiir  rliilil  of  seven  or  eijjht  years  old,  for  you  seldom  see  a  bosl 
without  llicse  nimble  und  useful  assistants.  They  act  as  servants  to  all. 
in  fflihiii!;  and  turrying  and  are  never  treated  as  children,  but  are  made 
to  do  ]i  juuu*  purl,  to  sutler  and  endure  as  far  as  their  youth  and 
sireiiirtli  will  nllotv.  Yd  they  are  not  abused,  and  one  and  all  assist  or 
lielp  (hviii  Ibe  moment  they  gel  into  diflleullies.  The  eldest  of  the 
piirly  usually  nets  us  lieiid  man,  deciding  on  the  camping  ground,  urging 
tbc  mi'ii  on  Id  work  when  Ihey  gron-  lazy  or  sleepy,  and  calling  them 
t)iick  into  Mroke  when  the  puddles  fail  toVall  in  time.  There  is  usually 
a  wni.',  who  kcejia  tlic^m  all  merry  and  often  relieves  the  tedium  of  the 
hmg  utlernoonsby  reciliiii;  deeds  of  valor,  oneedotesoreven  jcsis,  while 
at  the  end  of  each  line  the  others  join  in  a  chorus  and  for  tbe  lime 
fatigue  is  I'orgoiten  and  the  paddles  fall  in  rhythm. 

Thrre  are  utber«  who  suy  but  little,  yet  who  move  to  the  prow  and 
Rtcrn  as  Rteersmon  when  the  dangerous  places  are   reached.     Some  are 
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friendly,  lending  a  hand  at  fire  making,  wood  gathering  or  fastening 
the  boats,  while  others  look  out  for  themselves  alone.  You  soon  come 
to  know  them  all — their  names,  Lejau,  Blari,  Deng,  Terluat  and  Leshon  ; 
their  peculiarities,  and  their  worth,  and  the  fact  of  their  being  untaught 
savages,  negligent  of  dress,  careless  of  life,  be  it  yours  or  theirs,  fades, 
and  they  enter  into  your  life,  as  did  your  early  playmates  or  your 
college  friends.  One  youth  soon  attracted  our  attention,  on  account  of 
his  happy  disposition  and  his  utter  unselfishness,  and  we  could  always 
recognize  him  by  his  red  fiannel  jacket  cut  in  the  Eton  style,  the  abbre- 
viated skirt  of  that  time-honored  garment  being  still  further  reduced  so 
that  it  fell  but  a  short  distance  below  his  shoulders.  We  were  a  party 
of  half  a  dozen  boats,  in  one  of  which  were  some  Punans  suff*ering  from 
malaria.  The  Eton  boy  constituted  himself  nurse  and  cook  for  them, 
though  they  were  utter  strangers.  Our  own  cook  was  a  Chinaman,  and 
all  day  he  suff'ered  from  teasing  at  Deng's  hands,  yet  when  camping 
time  arrived  the  celestial  found  his  wood  collected  and  fire  already 
started  by  his  never-tiring  friend. 

If  possible  we  camped  near  a  house,  and  in  the  evening  we  would  visit 
the  head  man  and  make  a  small  exchange  of  presents,  usually  a  chicken 
on  his  part  and  some  Java  tobacco  on  ours,  but  more  often  sundown 
found  us  tied  up  to  a  bank,  if  possible  near  a  small  brook.  In  no  time  a 
dozen  small  fires  would  be  blazing  over  which  each  man's  small  pot  of 
rice  was  suspended,  each  person  squatting  near  by  tending  his  fire  and 
waiting  for  the  pot  to  boil ;  even  the  child  had  his  individual  pot,  while 
the  Chinaman  usually  required  two  or  three  for  his  more  elaborate 
eflforts.  We  usually  sat  apart  on  a  log  or  stone  watching  them,  listening 
to  their  chatter,  to  the  vesper  songs  of  the  birds,  the  good-night  of  the 
argus  pheasant,  or  the  fluttering  of  the  jungle  fowl  as  it  flew  into  the 
trees  to  roost.  I  heard  also  the  awakening  of  the  night  chorus  of  cicadcs, 
frogs  and  birds  while  watching  the  sunset  in  all  its  golden  splendor.  As 
the  twilight  deepened  into  night  the  colors  faded  and  the  stars  came  out 
like  lights  in  the  sky,  and  the  southern  cross  hung  high  over  the  trees. 
The  Malay  trader  spread  his  mats  and  facing  Stamboul  muttered  his 
prayers  as  the  sun  went  down.  The  Kayan  child  early  curled  up  in  the 
boat  to  sleep,  and  one  by  one  the  boatmen  wrapped  themselves  in  their 
thin  cotton  sarongs  and  stretching  out  on  the  stony  bank  slept  the  sleep 
of  tired  men.  The  river  added  its  gentle  murmur  to  the  night  chorus, 
and  ever  and  anon  the  "night-jar"  raised  its  plaintive  notes  to  tell 
that  it  kept  its  vigil  while  the  jungle  slept. 

Beyond  Belaga  it  was  considered  dangerous  to  venture  on  account  of 
the  war  between  two  great  rival  tribes,  but  finding  a  friendly  chief  re- 
turning home  we  took  advantage  of  the  occasion  and  accompanied  him. 
A  day's  journey  we  came  to  the  long-house  of  a  former  king,  now 
practically  deserted  because  of  the  planting  season,  ami   the  men  and 
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women  were  Ihon  liviag  in  tempamry  houses  near  thdr  dislant  tlflA), 
Even  the  king's  tiparlmenU  were  Tapsut.  fur  with  the  ch^ngcB  w«r  mi 
diflCBse  ever  bring,  no  heir  is  left  ami  another  dynasty  lias  ended.  lo 
front  of  Ilia  door  a  great  slab  from  tLe  lapang  tree  indicates  liis  funun 
rtias.  Quaint,  cliunieteristic.  Euyan  carvings  decorate  tbe  empiy  dwell' 
ing  and  ihe  dogit  now  gu  in  and  out  nitliout  liindnince  or  inuleststion, 

Oyiing  Usa'B  Louae  was  the  farthest  [mini  renclipd  on  thn  Rcjang,  per- 
haps SOO  miloB  from  the  sea,  and  in  the  distance  the  blue  mounialM 
murlt  the  foot  liills  of  the  range  where  the  river  takes  its  »aun'i«.  Mo 
while  man  Las  yet  viaiied  the  spot. 

Ab  we  descended  Ihe  river  we  fell  in  with  sonip  of  Ihu  wnrriorsreluiB' 
ing.  and  in  course  of  time  elidted  some  &cti>  concerning  tlic  rvceni  ex> 
podilion  :  talcs  that  rivaled  the  Indian  stories  of  onr  childhood.  Tbqr 
siiowed  us  their  tropbiea,  iheir  plunder  and  their  &«t  drying  bends,  aid 
lastly  with  a  pelilion  for  food  they  produced  a  two-year-old  rapUtt 
child  whose  month  watered  as  hungry  clifldren's  do,  when  we  offered  It 
a  l>it  of  food.  We  floated  down  Ihe  river  side  by  aide  for  aercnil  hunn^ 
and  before  we  loft  that  baby  had  a  generous  half  of  our  slows  at  ill 
cninniand. 

CaplivcB,  however,  stand  second  in  rank  among  the  spoils  of  war;  a 
dried  and  cliarred  head  perliaiia  yielding  to  no  other  at\|e«t,  eaptciil^i 
when  at  tbc  feosling  and  drinking  that  follows  Ihe  return  of  an  exi 
tioii  the  women  taltc  down  the  he-ads  frotn  over  the  flreplaee  and,  d 
inc  lip  lu.d  di.wn  Ihp  veniiidn,  licy  sing  nfthf  c-.Miniire  of  the  =inriT?'fB1 
and  tnnnl  Iliose  who  from  want  of  skill  or  valor  returned  emptr- 
handed.  Then  too  they  often  get  quantities  of  mats,  of  old  Chinesf 
jars,  by  which  they  set  great  store,  of  weapons  of  all  sorts,  and  occasion- 
ally a  rare  find  in  ihc  shape  of  a  siring  of  dingy  beads 

These  curious  old  glass  heads  have  ficlilious  values  in  Iheir  eyes.  * 
single  snial Ml ead  called  by  them  a  "  Lukut  tjekali  "  may  cost  as  mncta 
as  a  slave,  or  if  you  ask  the  price  of  a  necklace  it  goes  beyond  their 
powers  of  computation,  and  the  person  aller  thinking  for  a  while  will 
usually  say  il  is  wiirlh  more  than  a  long-house.  They  arc  sup|>osed  lo 
be  Venetian  beads,  brought  to  the  east  by  Mohammedan  traders  and  sold 
by  the  Malays  and  Chinese  to  Ihe  Kayans.  The  Chinese  have  tried  in 
vain  to  counterfeit  these  heads  as  well  as  the  old  jars,  but  the  Eayan  is 
an  antiiiuanun  of  no  mean  skill  in  tlie  matter  of  glass  and  porcelaia  aai 
the  Celestial  has  not  yd  succeeded. 

On  this  same  expedition  some  of  the  Dyaks  found  the  "safe  de- 
posit "  of  a  friendly  chief,  but  thhiking  it  the  hiding  place  of  their 
eiiemicM  they  raided  it.  At  the  request  of  the  government  they  returned 
the  properly  to  the  owners,  and  on  this  occasion  we  saw  for  the  first  time 
the  "tebukii"  or  memory  knots  common  to  many  untaught  people.  In 
this  instance  a  hiiudle  of  rattan  strips  tied  in  knots  recording  Ihe  various 
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gongs,  spears,  shields,  mats,  etc.,  were  strnng  together  in  a  hopeless 
tangle,  but  when  the  chief,  squatting  on  his  mat  before  the  officer, 
gradually  untangled  the  various  pieces,  each  knot  recalled  a  definite 
object  to  him,  and  he  detailed  the  hundred  or  more  articles  without  once 
faltering. 

The  Punansarean  interesting  people  and  differ  in  many  respects  from 
their  neighbors.  Many  travelers  consider  them  the  aborigines  of  Borneo. 
They  are  mostly  strong,  lithe  and  active,  even  distancing  the  strongest 
Kayan  or  Kenniah  in  traversing  the  jungle.  They  are  nomads,  living 
but  a  few  days  in  one  place,  making  a  shelter  that  cannot  be  called  a 
house  and  abandoning  it  as  soon  as  jungle  produce  or  game  proves  scarce, 
for  they  are  hunters  and  not  farmers,  and  in  this  respect  they  differ  from 
almost  all  the  other  tribes.  To  them  also  is  attributed  the  first  use  of  the 
blow-gun  and  poisoned  arrow^s,  and  they  still  can  excel  the  other  races, 
who  have  adopted  this  effective  weapon.  A  piece  of  tough  wood  about 
seven  or  eight  feet  long  is  drilled  by  means  of  an  iron  rod  so  that  a  per- 
fectly straight  tube  is  made  having  a  diameter  of  about  half  an  inch.  If 
there  should  be  any  curve  an  iron  spear  head  of  the  proper  weight  is 
bound  on  one  end  by  means  of  rattans  so  that  the  weight  springs  the 
shaft  into  a  perfect  line,  and  they  now  have  a  spear  and  blow -gun  com- 
bined. The  dart  of  about  one  foot  in  length  is  made  from  the  tough 
nibong  palm  and  another  palm  furnishes  the  pith  with  which  the  head 
of  the  dart  is  finished,  it  being  just  a  shade  smaller  than  the  calibre  of 
the  tube.  The  sharpened  end  of  the  dart  is  then  dipped  in  the  inspissated 
juice  of  the  upas-tree,  and  one  of  the  most  deadly  and  at  the  same  time 
silent  weapons  is  prepared  for  use.  A  short  quick  pufl'  and  a  man  at 
seventy -five  yards  distance  feels  a  prick  in  his  side,  he  plucks  the  dart 
away  or  plays  idly  and  foolishly  with  the  broken  shaft,  gradually 
his  motions  become  more  and  more  incoordinate  and  he  falls  to  the 
ground  unconscious,  and  a  few  convulsive  movements  ends  his  career. 

They  are  no  less  adept  in  the  use  of  the  spear  or  the  parang,  as  they 
call  their  substitute  for  a  sword,  than  their  rivals.  Yet  sickness,  famine 
and  war  are  rapidly  thinning  their  ranks,  and  unless  they  are  fostered 
by  the  government  it  will  be  but  a  few  years  until  the  nomad  Punan 
is  forgotten. 

They  are  the  only  people  in  Borneo  who  practice  polyandry.  The 
Ukits  are  a  similar  tribe  and  can  be  distinguished  by  the  singular  shield- 
shaped  breast  tattooing.  They,  too,  live  in  a  very  primitive  dwelling, 
usually  built  against  the  buttress  of  a  big  tree,  which  scarcely  keeps 
them  dry  during  the  rains. 

The  story  of  Bululuk  Sabon's  misfortunes  will  give  you  an  idea  of  how 
uncertain  and  dangerous  life  can  be  in  a  Kayan  house  near  tlie  border. 
Bululuk  was  a  small  man,  but  gained  great  credit  among  the  people 
and  eventually  became  their  chief.     When  Mr.  Lowe  suddenly  appeared 
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in  tbi!  head'WBttn'  of  ibe  Kejatig,  he  ahamed  Iho  proplo  lincauw;  tlicir 
hmines  were  poor.  So  S»bon  built  n  new  one  tbat  ntniif^era  ini^l 
admire.  That  was  many  ypara  ago,  and  Mr.  liown'a  visit  remains  tke 
flrst  iind  last,  but  tbe  lioiiBt'  dBc-omliMl  wllh  eanlues  and  having  he*n 
board  floors  still  staods  oxpcclnnt.  Tn  Hid  uirnntimi;,  while  nwayuf  lltf 
men  and  their  chluf  wore  away  down  Ihe  river,  Iba  Keiialah&  cam*  orn 
and  killod  all  Ibi!  old  and  very  youug  who  could  not  escape  ioto  ih» 
jnngle.  Seven  doors  rpniiilneil  doard  tberoafter.  Not  aatUflod  wlili 
this  BucuvEs  they  i-uiiie  a  second  lime,  Hla  wife,  Ula  mother  and  iuacbJId 
fell  in  the  ni);ht  attack,  and  he.  with  his  ten-year  old  daaght«T  Libtn, 
made  his  escape,  A  few  more  door*  were  rondored  uaeleaa  *ner  thii 
depletion.  Uatberin};  ai)  the  Dgtitin^  men  he  conld  i^nimaiid  h<>  joiowl 
hands  with  the  Pyaka  in  their  rerent  raid  and  nndnavorcd  in  wipe 
the  score,  When  we  saw  him  again  retamlngto  hUalrooet  desertcA 
house  hia  little  daughter  accomiwnltd  him.  He  was  very  poor 
even  sell  his  best  blow -gun  lo  obtain  food,  Bnt  nothing  daunted,  ba 
was  going  baek  lu  tend  his  rice  fields,  and,  if  by  any  chance  he  lonadai.- 
opportunity,  he  would  take  a  few  innre  Krnniah  head*  to  avenge 
people. 

By  contrast  the  life  in  a  Dyak's  house,  or  in  a  Halay  village,  may  b* 
as  tisnqufi  as  in  our  own  country,  and  there  the  petty  annoyances  of 
every-day  life  asBnniQ  as  large  proportions  as  do  the  struggles  for  eiisl' 
ence  at  the  sources  of  the  rivers.  They  feasi  and  dance  and  make  merry, 
while  Biiluluk  Snbnn  kcqw  wnlcli  and  wiird  over  liis  half  cmpMi-i)  li<>u«i'. 

If  we  dared  prO]dieBy  as  to  the  future  of  tlie  Rejang's  people,  we  should 
fiiiy,  that  in  pro)iortion  as  tlie  sturdy  hill  people  dwindle  away,  the  more 
fortunately  situated  roast  tribes  would  bear  their  advancing  civilizaiioa 
towards  the  mountains,  and  as  the  country  becomes  more  and  more  set- 
tled, wlien  tribal  wars  are  ended,  and  a  better  knowledge  of  rice  cullure 
prevails,  they  sliould  become  a  prosperous  people. 
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.Exploration  of  Ancient  Key  Dwellers*  Remains  on  the  Gulf  Coast  of 

Florida, 

(Plates  XXV-XXXV.) 

By  Prank  Hamilton  Gushing. 

{Read  before  the  American  Philosophical  Society,  November  6,  1896.) 

Introductory. 

Early  in  the  spring  of  1895,  Captain  W.  B.  Collier,  of  Key  3Iarco, 
southwestern  Florida,  found,  while  digging  garden-muck  from  one  of 
the  little  mangrove-swamps  (Section  14,  Plate  XXXI)  that  occur,  like 
filled-up  coves,  among  the  low-lying  shell-banks  surrounding  his  shore- 
island  home,  several  ancient  wooden  articles  and  some  pieces  of  netted 
cordage.  He  did  not  recognize  as  of  artificial  origin  the  first  found  of  these 
objects — so  softened  were  they  by  decay,  so  like  the  water-soaked  frag- 
ments of  rotten  timber  and  rootlets  everywhere  encountered  in  the 
muck.  But  the  twine-like  appearance  of  some  of  the  seeming  root- 
strands  that  clung  to  his  digging  tools,  and  the  discovery,  a  little  later, 
of  a  beautifully  shaped  and  highly  polished  ladle  or  cup  made  from 
the  larger  portion  of  a  whelk-,  or  conch-shell,  led  him  to  believe  that 
the  strands  were  actual  cordage,  and  that  a  noticeably  curious  block  of 
•wood,  which  had  been  sliced  through  by  his  spade  and  cast  aside,  was 
really  an  article  fashioned  by  man. 

A  few  days  later,  Mr.  Charles  Wilkins,  of  Rochester,  N.  Y.,  chanced 
to  sail  down  that  way  from  the  little  winter  resort  of  Naples,  some 
fiAeen  miles  north  of  Key  Marco,  to  seek  for  tarpon,  and  thus  to  hear 
of  this  find. 

Another  guest  at  Naples,  a  traveler  of  wide  experience  and  an  accom- 
plished scholar  withal,  Lieutenant-Colonel  C.  D.  Durnford,  of  the  Brit- 
ish Army,  had  organized,  a  few  days  previously,  an  amateur  expedition 
to  explore  an  ancient  canal  and  several  small  burial  mounds  near  by. 
In  this  expedition,  Mr.  Wilkins  had  joined.  He  was  therefore  much 
interested  in  what  he  heard  at  Marco,  and  passed  a  day  in  digging 
there  on  his  own  account.  He  found  close  to  the  place  that  had  been 
opened  by  Captain  Collier  and  his  men,  other  remains,  including  por- 
tions of  two  wooden  cups — one  of  them  somewhat  charred — another 
shell  ladle,  several  pierced  conch  tool-lieads,  and  a  fairly  well-preserved 
animal  figure-head  of  carved  wood.  When  told  by  him  of  these  finds. 
Colonel  Durnford,  accompanied  by  his  courageous  wife,  immediately 
4»et  forth  for  Marco.  He  had  two  small  exc^ivations  made  (in  Sections 
82,  33,  Plate  XXXI)  as  close  to  those  that  had  previously  been  made 
as  was  possible — for  these  holes  were  now  flooded  with  water.  Therein, 
he  found  a  piece  of  rope,  more  netting,  fragments  of  gourd-shell,  a 
•couple  of  well-worked  little  blocks,  and  a  tray  of  wood,  some  pciTN 
iastened  together  with  string,  two  billets,  what  he  regarded  as  rem- 
nants of  a  "fish-bone  necklace,"  and  a  neatly  pierced  bivalve  shell. 


nis  Bntiquarinn  cniioslty  regarding  Ihosc  tilings  w&n  ihoronghl  v  araiiwil . 
But  believing  tlicm  to  be  the  remains  possibly  of  same  old-time  wnrk- 
&gt),  or  more  probably  or  some  casual  deposit  made  lij  ancKDi  fisUnr- 
mt'n  and  never  recoTered,  and  findiDg  work  io'tbe  wnter-sooked.  fool' 
BmellinR  murk  most  difficult  to  pnrsne,  he  discontinned  his  reseUThei 
ou  the  second  day.  In  urder,  liowever.  to  aecertain  whether  ih«  relics 
he  lind  secured  sod  in  part  brought  away  were  historic  or  prehistoric— 
that  is  of  the  Spanish  or  of  n  purely  aboriginal  period — he  called  at  Ui« 
Museum  of  the  University  of  Pennsylvania,  when  paMing  throash 
PhilndelphSu  some  weeks  later,  to  sec  the  Curator  of  thr  American  Sec- 
lion  of  the  Arcbieological  Department,  Mr.  Henry  C.  Mercer,  whom  he 
had  met  in  southern  Europe  a  year  or  two  jirevionsly.  Mr.  Mtrcw  «■«■ 
absent,  but  it  chanci^d  that  during  the  aame  hour  I,  Ino,  called  at  tbc 
Museum  to  pay  a  brief  visit  lo  my  friend  there,  the  Diret'lor,  Mr.  Stm- 
nrt  Cnlin.  Thus  I  was  so  fortunate  a^  to  bear  Colonel  Dnrnford's 
account  of  the  finds.  I  was  also  privileged  to  HCeumpany  the  I'r«8ident  nf 
the  Deparimeiit,  Dr.  Wiltiara  Pepper  (for  1  was  at  the  timi?  iin  slck-lntve 
and  under  his  care),  when,  in  response  to  a  courteous  note  of  Inviu- 
tion,  he  called  ou  Coluue]  and  Mrs.  Durnford.  at  the  Bellevn*  Hold. 
With  him  I  saw  some  of  the  Marco  relics,  the  piece  of  rAp«.  the  tf»y 
and  one  of  the  worked  blocks  or  billets  of  wood.  I  ob«erred  that  the 
rope  had  been  slightly  charred  at  one  point,  and  that  the  btllci  wm  tu 
unHnishcd  object.  This,  with  Colonel  Dnrnford's  remarkably  clear 
nuononinOn  und  dc-cription  of  ili..  place  iilifnce  (besf..  rclic'i^  iirld  l..'fii 
derived,  led  me  to  infer  tliat  it,  the  place,  was  not  of  an  isolated  charac- 
ter. Tliu  relics  themselves  were  indubitably  Indian  and  pre-t'olura- 
bian.  To  me  they  evidenced  remote  aboriginal  occupation,  residence 
that  is  of  tlie  actual  site  in  whicli  they  bad  been  found,  rather  than  of 
merely  tlic  neighboring  shcll-bnnks,  I  believed,  indeed,  that  their  con- 
dition and  tlieir  occurrence  beneath  the  peaty  deposits  of  muck  might 
even  betoken  some  vuch  phase  of  life  in  southern  Florida  as  that  of  the 
An  i  n  L  k  D  Hers  of  Switzerland,  or  of  the  Pile  and  Platform 
Buil  le  ol  he  Oulf  of  Maracaibo  or  the  Bayous  of  the  Orinoco  in 
Vene  uela 

I  1  e  efo  c  1  I  mt  licsitale  to  assure  Dr.  Pepper  and  Col,  Durnford 
of  I  op  n  on  ha  be  (liid  to  which  he  had  drawn  our  attention  would, 
if  f  II  nough  H  wed  up,  le.td  to  the  most  important  arcba?oiogical 
discoitrj  jtt  mndionanyof  our  coasts.  Dr.  Pepper  alNoattached  great 
significance  to  the  find.  Heslraigbtway  expressed  the  wish,  indeed,  Ibal 
in  the  interest  of  the  Depariment  he  represented,  a  reconnaissance  of  the 
place,  as  well  as  of  the  surrounding  region,  nught  immediately  be  nnder- 
laken.  with  a  view  to  slill  I'lirlher  explorations  another  year,  in  case  my 
conclusions  as  to  the  typical  nature  of  the  field  were  thereby  borne  out. 
As  Mr.  Mercer  was  loath  to  leave  other  and  pressing  work,  I  eagerly 
volunteered — hralth  being;  eipial  and  consent  of  my  Director  in  the 
Bureau  of  American  Kllinology,  Major  J.  W.  Powell,  being  granted — to 
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nndertake  such  a  reconnaissance.  With  that  rare  public  spirited n ess, 
inst-ant  foresight  and  promptitude  for  which  he  is  so  distinguished, 
your  honored  Vice-President,  Dr.  Pepper,  forthwith  provided  funds 
and  otherwise  arranged  for  this  preliminary  survey  by  me. 

Thus,  and  through  the  kind  offices  of  the  late  Hamilton  Disston,  Esq., 
and  Col.  J.  M.  Kreamer  and  their  associates,  I  succeeded  in  securing,  from 
the  Clyde  Steamship  Company  and  from  those  courteous  gentlemen  of 
Jacksonville,  Col.  J.  K.  Leslie  and  Major  Joseph  H.  Durkee,  passes  all 
the  way  from  New  York  to  Jacksonville,  and,  by  way  of  the  St.  John's 
river  to  Sanford,  and  thence  by  rail  diagonally  down  through  the  pine 
lands  and  the  tropic  lowlands  of  Florida,  and  found  myself,  within  less 
than  a  fortnight,  at  the  little  town  of  Punta  Gorda,  near  the  mouth  of 
Pease  river,  a  deep  tidal  inlet,  on  the  gulfward  side  of  that  State. 

First   Reconnaissance. 

Description  of  the  Ancient  Keys  or  Artificial  Shell  Islands, 

I  was  not  much  delayed  in  securing  two  men  and  a  little  fishing  slocp, 
such  as  it  was,  and  in  sailing  forth  one  glorious  evening  late  in  May, 
with  intent  to  explore  as  many  as  possible  of  the  islands  and  capes  of 
Charlotte  harbor,  Pine  Island  Sound,  Caloosa  Bay  and  the  lower  more 
open  coast  as  far  as  Marco,  some  ninety  miles  away  to  the  southward. 

The  bright  waters  of  these  connected  bays  and  sounds  formed  a  far- 
reaching  and  anon  wide-spreading,  shallow  inland  sea.  It  was  hemmed 
in  to  the  westward  by  a  chain  of  long,  narrow,  nearly  straight,  palmetto 
and  forest-clad  reefs  or  islands,  just  visible  on  the  horizon  ;  but,  as  I 
later  learned,  all  of  sand,  save  only  for  occasional  capes  or  promontories 
of  shell  that  here  and  there  jutted  forth  into  the  wide  mangrove  swamps 
that  everywhere  closely  invested  their  inner  shores.  The  shores  of  the 
opposite  mainland  and  of  Pine  Island  loo — which,  intervening,  hid 
them  for  miles — were  even  more  widely  skirted  by  these  tangled  tidal 
swamps. 

All  around,  and  apparently  all  over  the  many  islets  that  darkly  dotted 
the  shimmering  expanse  of  this  shoreland  sea — somewhat  as  is  shown  in 
Plate  XXVI — grew  also,  straightway  from  the  tide-line  upward,  these 
clustering  deep  green  mangroves,  so  closely  and  evenly  that  they  seemed. 
when  seen  from  afar,  like  gigantic  clumps  of  box  in  some  inundated 
olden  garden.  They  grew  so  loftily,  too,  that  from  the  level  of  the 
channel  near  even  the  largest  islets,  naught  of  their  inner  contours 
could  be  seen. 

The  astonishment  I  felt,  then,  on  penetrating  into  the  interior  of  the 
very  first  encountered  of  these  thicket  bound  inlets,  may  be  better  im- 
agined than  described,  when,  after  wading  ankle  deep  in  the  slimy  and 
muddy  shoals,  and  then  alternately  clambering  and  floundering  for  a 
long  distance  among  the  wide-reaching  interlocked  roots  of  the  man- 
groves— held  hip-high  above  the  green  weedy  tide-wash  by  myriad 
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mdiiy  Ungcra,  bniiled  like  the  legs  of  ctrntipedts — I  (1111117  brticld.  tn  the 
Bumlire  depths  or  this  sitnleM  jiinglo  or  tlie  waters,  u  long.  nta.r\y 
Btnight,  but  niinmis  Giubaiikuient  of  pilcd-up  conch-shdls.  llrynnU  it 
were  to  be  Been — an  in  the  illnstratiou  girun  on  Plate  XXVU. — riilier 
banks,  less  high,  not  always  regular,  but  forming  a  maze  nf  disiioci  va- 
closurns  of  various  sizes  and  outlines,  nearljr  all  of  [liont  open  a  litilc  it 
«itlier  end  or  at  opposite  «idce,  as  if  for  onl.tel  and  inttrt. 

Threading  this  xono  nf  boggy  bia».  nnd  lending  in  towHrd  a  mon 
central  jioint,  were  he-re  and  tliore  open  ways  llht<  fUttUneln.  Tbey 
were  rurmed  liy  parallel  ridges  of  shells,  increasing  iu  beigbt  toward  tbe 
Interior,  until  ai  last  ibey  merged  Into  n  steep,  somewhat  extended 
bench,  also  of  shells,  snd  flat  on  the  top  like  a  platform.  Here,  of 
coursi),  at  the  foot  of  the  platform,  the  i-kanncl  ended,  in  n  sltghllr 
broadened  cuvc  like  s  landing  placid  ;  bot  a  graded  depression  ur  palu- 
way  aeconded  from  it  and  crossed  this  bench  or  platform.  It^mUng  lo, 
and  in  turn  climbing  over,  or  rather  Ibrongh,  anolhf^r  and  higher  plat- 
form a  slight  distanrc  beyond.  In  places  off  to  the  side  on  uUbcr  hand 
were  still  more  of  these  platfonns,  rising  terra cc-lik<?,  but  xi-ty  IrregD' 
liirly,  from  the  enclosures  below  to  the  foundalions  of  great,  level-top- 
ped uionnds,  which,  like  worn-out,  elongated  and  trancated  pyramids. 
lofUly  and  imposingly  crowned  the  whole,  some  of  them  10  a  hdgbt  of 
nearly  thirty  feet  above  the  encircling  sea. 

AH  this  was  not  by  any  mcniiB  plain  at  first.  Except  for  mere  patclw* 
H  few  feet  in  widlb,  here  and  thpre  aloii>r  Iho  fltnepest  slopes,  the=p  '.'1p- 
vatioiis,  and  especially  the  terraces  and  platforms  above  the  first  serjee, 
wereulmosi  completely  shrouded  from  view  under  not  only  a  stunted 
forest  of  mulberry,  pupaya,  maatich,  iron-wood,  button-wood,  laurel, 
live  oiik  nnd  other  gnarly  kinds  of  trees,  mostly  evergreen,  and  all  oter- 
rnn  and  bound  fast  together  from  top  to  bottom  by  leafy,  tough  and 
thorny  vinex,  and  thong-like  clinging  creepers,  but  also  by  a  rank  (an- 
gle below,  of  grasses,  weeds,  brambles,  cacti,  bristling  Spanish  bayo- 
nets and  bnge  spike-leaved  century  plants,  their  tall  sere  flower  stalks 
of  former  years  standing  bare  and  aslant,  like  spars  of  slonu-beached 
shipping  above  this  tumultuous  sea  of  verdure. 

The  utmost  heights  were,  in  places,  freer  ;  but  even  there,  grew  weeds 
and  creepers  and  bushes,  not  a  few,  and  overtopping  them  all,  some  of 
the  most  fantastic  of  trees — the  trees  par  excellence  of  the  heights  of 
these  ancient  keys,  the  so-called  gumbo  limbos  or  West  Indian  birches- 
hare,  skinny,  livid,  nionstrnua  and  crooked  of  limb,  and,  compared  whh 
surrounding  growth,  gigantic.  To  the  topmost  branches  of  these  weird- 
looking  trees,  brilliant  red  grosbeaks  came  and  went  as  I  climbed.  Long 
ere  I  saw  them,  I  could  bear  them  trilling,  in  plaintive  flute-like  strains, 
to  mates  in  fur-away  trees,  perhaps  on  other  groups  of  mounds — whence 
at  least  answer'  like  faint  echoes  of  these  nearer  songs  came  lonesomely 
calling  back  as  though  across  void  hollows. 

The   bare   patches  along   the  ascents  to  the  mounds  were,   like  the 
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ridges  below,  built  up  wholly  of  shells,  great  conch-shells  chiefly,  black- 
ened by  exposure  for  ages ;  and  ringing  like  thin  potsherds  when  dis- 
turbed even  by  the  light  feet  of  the  raccoons  and  little  dusky  brown  rab- 
bits that  now  and  then  scuttled  across  them  from  covert  to  covert  and 
that  seemed  to  be,  with  the  ever-present  grosbeaks  above,  and  with 
many  lizards  and  some  few  rattlesnakes  and  other  reptiles  below,  the 
principal  dwellers  on  these  lonely  keys — if  swarming  insects  may  be  left 
unnamed  ! 

But  everywhere  else  it  was  necessary  to  cut  and  tear  the  way  step  by 
step.  Wherever  thus  revealed,  the  surface  below,  like  the  bare  spaces 
themselves,  proved  to  be  also  bf  shells,  smaller  or  much  broken  on  the 
levels  and  gentler  slopes,  and  mingled  with  scant  black  mold  on  the 
wider  terraces,  as  though  these  had  been  formed  with  a  view  to  cultiva- 
tion and  supplied  with  soil  from  the  rich  muck  beds  below.  Here  also 
occurred  occasional  potsherds  and  many  worn  valves  of  gigantic  clams 
and  whorls  of  huge  univalves  that  appeared  to  have  been  used  as  hoes 
and  picks  or  other  digging  tools,  and  this  again  suggested  the  idea  that 
at  least  the  wider  terraces — many  of  which  proved  to  be  not  level,  but 
filled  with  basin -shaped  depressions  or  bordered  by  retaining  walls — had 
been  used  as  garden  plats,  some,  perhaps,  as  drainage  basins.  But  the 
margins  of  these,  whether  raised  or  not,  and  the  edges  of  even  the  lesser 
terraces,  the  sides  of  the  graded  ways  leading  up  to  or  through  them, 
and  especially  the  slopes  of  the  greater  mounds,  were  all  of  unmixed 
shell,  in  which,  as  on  the  barren  patches,  enormous  nearly  equal-sized 
whelks  or  conch-shells  prevailed. 

Such  various  features,  seen  one  by  one,  impressed  me  more  and  more 
forcibly,  as  indicating  general  design — ^a  structural  origin  of  at  least  the 
enormous  accumulations  of  shell  I  was  so  slowly  and  painfully  travers- 
ing, if  not,  indeed,  of  the  entire  key  or  islet.  Still,  my  mind  was  not, 
perhaps,  wholly  disabused  of  the  prevalent  opinion  that  these  and  like 
accumulations  on  capes  of  the  neighboring  mainland  were  primarily  stu- 
pendous shell  heaps,  chiefly  the  undistributed  refuse  remaining  from  ages 
of  intermittent  aboriginal  occupation,  until  I  had  scaled  the  topmost  of 
the  platforms.  Then  I  could  see. that  the  vast  pile  on  which  I  stood, 
and  of  which  the  terraces  I  had  climbed  were,  in  a  sense,  irregular  stages, 
formed  in  reality  a  single,  prodigious  elbow-shaped  foundation,  crowned 
at  its  bend  by  a  definite  group  of  lofly,  narrow  and  elongated  mounds, 
that  stretched  fan-like  across  its  summit  like  the  thumb  and  four  fingers 
of  a  mighty  outspread  hand.  Beyond,  moreover,  were  other  great 
foundations,  bearing  aloft  still  other  groups  of  mounds,  their  declivities 
thickly  overgrown,  but  their  summits  betokened  by  the  bare  branches 
of  gumbo  limbos,  whence  had  come,  no  doubt,  the  lone-sounding  songs 
of  the  grosbeaks.  They  stood,  these  other  foundations,  like  the  sun- 
dered ramparts  of  .some  vast  and  ruined  fortress  along  one  side  and  across 
the  farther  end  of  a  deep  open  space  or  quadrangular  court  more  than 
an  acre  in  extent,  level  and  as  closely  covered   with  mangroves  and 
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ollif^r  lidal  growths  ai  the  hnttom  as  wcire  tlie  oaier  evramp*.  Ii  wm 
iippnretit  Ihal  Ihie  liad  BftuaUy  been  u  t*ntr»l  ti«irt  of  Mimtr  kind,  hwi 
probably  lii'fn  fbmird  ns  nn  iipcn  Ugoim  by  the  grBiliul  upbnilditigoD 
uuol  like  rei'fH  or  RhoHln  around  d«i<|>er  wftter,  uf  iheite  rouudaiiaoii  iit 
mniparm  n»  I  liave  tnlli-d  llipm,  from  even  below  tide  lercl  tn  tU*ir  pr«- 
cnl  lmp(isiii(;  height.  At  any  mio  ihoy  w«rro  divided  from  one  ■niitUpr 
by  dorp  narrow  |i;ap«  tliat  Hjipesrud  as  ibuneh  lelt  upon  bptweuii  tliem 
to  aorve  hs  cUitnuelB,  nnd  that  still.  MlthoD^b  flUcd  now  with  praity  d^n*- 
!tH  and  rank  vcg«tntion,  c«>mmnnicaied  with  the  outer  Nwampa.  and,  in 
tume.  canes,  extended,  between  pumllel  b^nks  nf  shell  like  tliosi^  ulready 
described,  qaitc  throngh  the  snrroiinding  encloniirfm  or  lemr  nuiei 
cuurtii.  to  what  had  evidently  been,  ere  the  iinlversal  Mind  'thonl*'  hHil 
fiimied  and  mangntve  Hwumps  had  grnwn.  the  upcn  sea. 

The  clcTuIion  I  liad  ascended,  Blood  at  ilie  northern  end  and  formnl 
nnp  rornor  ol'  tb[«  ^real  inner  court,  the  slope  to  which  from  llie  base 
uf  the  tuDunds  was  unbroken  by  tcrntoes.  and  shrcr.  But  like  th<-  niroii- 
fst  ni>pcni»  outside,  It  wu«  composed  of  Urj^e  wealher-darkenvd  tTonch* 
shells  and  was  compamtivoly  barn  of  vegetation.  Dir«et)y  down  Ihv 
middle  (if  this  wide  iDcUne  led,  from  between  the  two  first  inoands.  a 
broad  sunken  pathway,  very  deep  here  near  the  summit,  as  was  the 
opposite  and  similarly  graded  way  I  had  in  part  followed  up,  but  f[t»dn-  J 
ally  diminishing  in  depth  as  it  approached  tliu  bottom.  In  such  mannCBfl 
as  to  render  much  genller  the  descent  to  the  cdijp  of  the  swamp.  Hert^ 
numerous  pierced  busycon  shells  lay  strewn  'about  and  others  could  be 
seen  prolruding  from  the  marginal  muck.  AglanceMifliced  toshow  that 
they  had  all  been  designed  for  tool  heads,  halted  similarly,  but  used  for 
quite  various  purposes.  The  long  columnellie  of  some  were  battered  as 
if  they  had  once  been  employed  as  hamuiers  or  pieks.  while  others  were 
shar|>encd  (o  chisel  or  gouge-like  points  and  ediies.  Here,  too,  shenlsof 
|>otlcry  were  mneli  mon'  abundant  than  even  on  the  upper  terraces. 
This  struck  me  as  especially  significant,  and  I  ventured  forth  a  little  way 
over  (he  yielding  quagmire  and  dujr  between  the  sprawling  mangrove 
lingers  nn  deeply  as  I  could  with  only  a  slick,  into  the  water-soaked  muck. 
Similarly  worked  shells  and  sherds  of  pottery,  intermingled  with  char- 
coal and  bones,  were  tlius  revealed.  These  were  surprisingly  fresh,  not 
as  though  washcii  Into  the  place  from  iilmve.  but  as  though  I  hey  hail 
fallen  and  lodged  where  I  found  Ihcm,  and  had  l>ecn  covered  with  water 

I  sudili-nly  realized  thai  the  place,  although  a  central  rather  than  a 
marginal  I'oiiri  or  lilled-iip  bayou,  was  nevertheless  similar  in  general 
charai-ler  In  the  one  Col.  Dnrnford  had  described,  and  that  thus  soon  my 
coneln>=irins  relative  to  thelypieul  nature  of  the  Collier  deposit,  were. 
in  a  measure.  Iiornc  out.  Here  at  least  had  been  a  water-court,  around 
the  margins  of  which,  it  would  seem,  places  of  abode  whence  these 
remains  had  been  derived— houses  rather  than  landings — had  clustered, 
ere  it  became  ehokcil  wilti  ilibrii  and  vegetal  growtli  ;  or  else  it  was  a 
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veritable  haven  of  ancient  wharves  and  pile-dwellings,  safe  alike  from 
tidal  wave  and  hurricane  within  these  gigantic  ramparts  of  shell,  where, 
through  the  channel  gateways  to  the  sea,  canoes  might  readily  come 
and  go. 

It  occurred  to  me,  as  I  made  my  way  through  one  of  these  now  filled- 
up  channels,  that  the  enclosures  they  passed  were  probably  other  courts 
— marginal,  but  artificial  bayous,  some  of  them  no  doubt  like  the  one  at 
Key  Marco — and  that  perhaps  the  largest  of  them  had  not  only  been  in- 
habited also,  but  that  some  were  representative  of  incipient  stages  in  the 
formation  of  platforms  or  terraces,  and  wuthin  these,  as  the  key  was  thus 
extended,  of  other  such  inner  courts  as  the  one  I  have  here  described.  It 
seemed  reasonable  to  expect  that  the  islets  visible  in  numbers  farther  on, 
which  my  skipper  described  as  almost  exactly  like  this,  would  really  prove 
to  be  not  only  shell  keys,  that  is,  of  artificial  origin,  but  also,  that  in  them 
I  would  find  the  essential  structural  features  of  this  one,  as  such,  repeated. 

Possessed  by  this  idea.  I  became  doubly  anxious  to  proceed  with  the 
explorations,  and  forthwith  returned  to  the  boat  and  sailed  down  to  a 
point  about  midway  between  the  northern  and  southern  ends  of  Pine 
Island,  which  lay  some  two  and  a  half  miles  off  to  the  eastward.  There 
stood,  near  where  we  anchored,  upon  rough  and  barnacle-encrusted 
stilts  or  piles,  two  dilapidated  platforms,  placed  end  to  end,  but  at  an 
angle  to  one  another.  Upon  these  were  perched  a  couple  of  old  and 
weather-beaten  huts  which  had  been  formerly  used,  I  was  told,  as 
fishermen's  stations. 

As  evening  fell  and  the  tide  went  down,  there  appeared  with  startling 
suddenness,  black,  in  the  foam  of  the  receding  waters, — ^much  as  in 
the  illustration  on  Plate  XXVI, — the  scattered  crags  of  two  or  three 
series  of  parallel  and  concentric  oyster  reefs  or  bars.  Some  of  them 
reached  directly  toward  us  from  close  to  the  old  fishing  stations, 
while  others  extended  off  to  the  right,  semi-circularly  around  us, 
in  a  long  succession  of  level,  broken  masses,  thus  enclosing  quite 
half  an  acre  of  deeper  water,  at  the  entrance  of  which  we  lay.  It  was 
in  the  shallows,  between  the  widest  of  these  bars,  at  the  corner  or  blunt 
angle  formed  by  the  two  main  lines  of  the  reefs,  that  the  platforms 
stood.  Hither  now  flocked  hundreds  of  cormorants  and  pelicans,  fol- 
lowed by  a  few  cranes  and  curlews  and  by  many  gulls — these  continu- 
ally on  the  wing.  But  the  cormorants  and  pelicans  settled  on  the  plat- 
forms and  along  the  uniform  inner  edges  of  the  reefs  in  close  ranks. 
They  seemed  to  have  come  hither  from  the  neighboring  bird-keys  or  man- 
grove rookeries, — where  they  nested  in  common  by  thousands, — simply 
to  rest  and  dress  their  plumage  ;  until,  out  in  the  channel  appeared,  swiftly 
rushing  in  tow^ard  the  shoals,  an  enormous  school  of  fish,  fleeing  noisily 
before  several  puffing  porpoises  and  two  or  three  monster  sharks,  whose 
sharp  dorsal  fins  cut  the  water  swiftly  hither  and  thither  in  the  wake  of 
their  affrighted  prey.  Then  of  a  sudden  the  cormorants  and  many  of 
the  pelicans  took  wing,  joined  forces  behind  the  on-coming  fugitive  hosts 
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of  the  sea,  and  diving  down  in  a  great  semi -circle,  beat  the  waves  with 
their  wings  as  though  in  play,  until,  as  they  closed  in  rapidly  toward  the 
reefs,  the  sound  made  by  them  and  the  now  wildly  leaping  fish  was  as 
that  of  an  approaching  storm.  Thus  thousands  of  the  smaller  fish  were 
driven  in  beyond  reach  of  the  sharks  and  porpoises  over  the  shoals  and 
into  the  bayous  formed  by  the  succession  of  reefs,  and  there  cormorants 
and  pelicans  alike  made  short  work  of  securing  their  evening  meals. 
The  cormorants  flew  off  singly  or  in  swift  irregular  companies,  but  the 
pelicans  marched  more  deliberately  away,  in  orderly  and  single  aereal 
files,  so  to  say,  behind  heavy-winged,  gray-headed  old  leaders,  evenly, 
just  over  the  line  of  the  waves,  to  their  tree-built  island  homes. 

I  have  dwelt  on  this  singular  behavior  of  the  birds  because,  in  con- 
nection with  the  observations  of  the  day,  and  with  the  picture  formed 
by  the  concentric  reefs,  the  lagoon  they  encircled,  the  old  half-ruined  pile- 
houses  standing  above  them  out  there  in  the  midst  of  the  waters,  and 
the  distant  dark-green  islands — which  I  now  knew  had  been  the  homes 
of  sea-dwelling  men  centuries  before — disappearing  beyond  in  the  dusk, 
it  all  suggested  to  me  in  a  vivid  and  impressive  manner  how  the  ancient 
builders  of  the  key  I  had  only  this  afternoon  reconnoitred  had  probably 
begun  their  citadel  of  the  sea  and  why  there,  so  far  away  from  the  shore, 
they  had  elected  to  make  so  laboriously  their   homes ;  why  they  had 
from  the  beginning  kept  free  within  their  reef-raised  sea-walls  of  shell, 
the  central  half-natural  lagoons  or  lake-courts,  where  the  first  few  of 
their  stilted  houses  had  doubtless  been  planted,  and  why  ever,  as  their 
hand -made  island  extended,  they  had  kept  it  surrounded  with  the  many 
channeled  enclosures.    The  kev  had  been,  so  to  say,  the  rookery,  thechan- 
nels  and  lesser  enclosures  the  tisli-drives  and  fish-pools  of  these  human 
pelicans  !     Like  the  i)elicans,  like  even  tlie  modern  fishermen,  tliev  had 
at  first  nierelv  resorted  to  low  oullvinu^   reefs  in  these  shallow  seas  as 
fishinir  grounds,  hut  ere  loMii:  had   built   stations  there,  little  sheltern, 
j)rohably,  on   narrow  plal  forms   held  up  by  clumsy  piles,   but  similar 
somewluit  to  the  huts  that  stood  here  before  me.     The  shells  of  the  mol- 
lusks  thev  had  leathered  for  food  had  naturallv  been  cast  down   beside 
these  lengthy  platforms,  until   they  formed  long  ridges  that  broke  the 
force  of  the  waves  when  storms  swept  by.     Thus,  I  fancied,  these  first 
V»uilders  of  th(^  keys  had  been  taught  how  to  construct  with  special  pur- 
])oye  sea-walls  of  gathered  shells,  how  to  extend  the  arms  of  the  reefs, 
and  to  make  other  and  better  bavous  or  fish-pounds  within  them  bv  form- 
iiig  succes>ive  enclosures,  ever  k<'eping  free  channels  throughout  for  the 
<lriving  in  of  the  fish  and  I  he  passage  of  1  heir  canoes.    And  when  the  iii- 
neruiost  of  the  enclosures  became  choked  l)y  drift  and  other  dtbris  they 
had  filled  them  with  shell  stulf  and  mud  fnmi  the  surrounding  sea,  and 
so  of  some  had  made  drainaire  l)asins  to  catch  rain  for  drinkiuiir  water, 
and  of  others,  in  time,  little  garden  plats  or  fields. 

Thus  it  was  that  the  erstwhile  stations  had   become  better  and  better 
fitted  as  places  of  longer  abode  ;  and  yet  others  of  the  enclosures  or 
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courts  farthest  in  had  become  filled,  and  were  in  turn  wrought  into 
basins  and  gardens  to  replace  the  first  that  had  been  made  ;  for  these 
were  now  covered  over  and  piled  higher  to  form  wide  benches  where- 
upon the  long  mounds  or  foundations  might  be  erected.  Finally,  aloft 
on  these  greater  elevations  strong  citadels  Of  refuge  alike  from  foe  and 
hurricane;  storehouses,  dwellings  of  chiefs  or  leaders,  and  assembly-places 
and  temples  had  been  builded,  when  at  last  these  old  people  of  the  sea 
came  to  abide  there  continually.  This  to  me  appeared  to  have  been  the 
history  in  brief  of  the  first  development  of  such  a  phase  of  life  as  the  an- 
cient key  I  had  examined  that  afternoon  still  plainly  represented  ;  nor 
did  I  find  reason  later  to  greatly  modify  these  views.  On  the  contrary, 
of  the  many  other  shell  keys  that  I  examined  during  the  following  few 
days,  all  still  further  illustrated,  and  some  seemed  strikingly  to  confirm, 
even  the  most  fanciful  of  these  visions. 

This  was  especially  true  of  three  keys  which  I  explored  the  next  daj'. 
The  first  was  known  as  Josselyn's  Key.  It  had  been  cleared  and  culti- 
vated as  a  fruit  and  vegetable  garden  many  years  before,  but  was  now 
abandoned  and  desolate  and  again  overrun  by  brambles  and  weeds  and 
vines,  with  some  few  massive  gumbo  limbos  and  rubber  trees  standing 
on  its  heights.  The  feature  of  special  interest  in  this  key  was  its  cen- 
tral court,  which,  while  comparatively  small — less  than  half  an  acre  in 
extent — was  remarkably  regular.  Five  very  high  and  steep,  mound- 
capped  elevations,  sharply  divided  by  deep,  straight  channels,  that  led 
forth  from  the  court  divergingly  toward  the  sea,  formed  its  western  side 
and  southern  end,  while  its  opposite  side  and  end  were  formed  by  two 
extensive  platforms,  also  exceedingly  steep  within,  and  nearly  as  high 
as  the  elevations,  and  divided  from  these  and  from  each  other  by 
straight  canals  that  led  forth  in  northwardly  directions,  far  out  through 
the  mangrove-covered  enclosures  down  toward  which  the  platforms 
were  terraced. 

The  court  was  very  deep  and  so  regular  that  it  resembled  the  cellar  of 
an  enormous  elongated  square  house.  It  was  marshy  and  overgrown 
by  cane-brakes,  tall  grasses,  and  green -barked  willows.  Near  the 
mouth  of  the  principal  canal,  leading  forth  from  the  southeastern  corner 
of  this  court,  and  still  invaded,  as  were  two  or  three  others  of  the  canals, 
by  high-tide  water,  my  skipper  and  I  dug  a  deep  square  hole.  The  exca- 
vation rapidly  filled  with  water ;  not.  however,  before  we  had  found  in 
the  yielding  muck  a  shapely  plummet  or  pendant  of  coral-stone  and 
two  others  of  shell,  many  sherds  of  pottery,  worked  bones,  charcoal, 
and,  more  significant  than  all,  a  pierced  conch-shell,  still  containing  a 
portion  of  its  rotten  wooden  handle.  Again  here,  the  relics  were  more 
abundant  than  on  the  heights  above,  and  the  structural  nature  of  the 
entire  key  was  abundantly  evident. 

From  this  place  it  was  somewhat  more  than  a  mile,  still  east-south- 
eastwardly,  to  the  second  islet,  which  was  known  as  Demorey's  Key. 
It  also  had  been  cleared  to  a  limited  extent,  by  the  man  whose  name  it 
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bore,  but,  lik»  the  firal.  liad  long  been  sbaadoneil  and  was  evea  man 
overgrown  bj  vioc-amotliercd  trees  and  bmmblea — utnong  llina  miaj 
pllitXil  limes  and  a  few  pomcgranatea  run  wild,  but  etlll  TaithfuU;  bar* 
iug  frait — BO  that  here,  too,  Uie  knife  was  constantly  requisite. 

Il  was  in  some  respects  the  most  remarkable  key  encountered  durinf 
tlit<  entire  re<?onnaisRaare.  Its  elevations  formed — as  may  be  se«n  by  nf- 
ercnce  to  plou  and  devation  on  Plate  XXVIII, — an  el  on  gated  cure  c  flic 
hundred  yards  in  length,  the  nonhward  eitenalon  of  which  was  noarlf 
straight,  Ihe  Eoulhward  extension  bending  around  like  a  hook  lo  Ibr 
southeast  and  east,  and  embracing  within  its  ample  cuvuil  a  wMi; 
swamp  thickly  overgrown  with  high  mangroves,  which  also  ntirowlT 
fringed  the  outer  shore,  so  that  the  whole  key,  when  seeti  rrotn  the 
water,  presented,  the  appearance  of  s  trim  round  or  oval,  and  lliJeUy 
wooded  island  The  lower  end  or  point  of  this  hey  consistt^d  of  an 
imposingly  massive  and  symmetrical  sea  wall,  of  conch-shells  rhieflf, 
ten  or  twelve  feet  high,  aud  as  level  and  broad  on  top  as  n  turnpikv. 
This  wall  had  evidently  once  encircled  the  entire  lower  bend  of  the  key. 
but  was  now  merged  in  the  second  and  third  of  a  series  of  broad.  ctcO'  J 
paralively  level  terraces,  that  rose  one  above  the  other  within  il,  froaH 
little  terminal  mack-court,  westwanlly  to  thecentruland  widest,  alihollgn 
tiQl  highest,  elevation  of  the  key,  at  the  commencement  of  its  uoribwildl 
extension.  Occupying  a  point  midway  along  the  inner  cnrvv  of  (MIfl 
elevation,  lliat  is,  directly  up  fVom  the  mangrove  swamp  il  encireMMV 
the  ODo  hand,  and  from  Ihe  lerracps  oulside  on  the  other,  Mnod  a  loftf 
group  of  five  elongated  mounds.  These  mounds  were  dirided  from  Ihe 
embracing  terraces  by  a  long,  deep,  and  very  regularly  graded  way, 
which  led,  in  straight  sections  corresponding  lo  the  inner  margins  of  the 
first  three  successive  terraces,  up  from  a  canal  formed  by  shell  hanke  or 
ridges  in  Ihe  swamp,  to  Ihe  highest  of  the  terraces — the  one  forming  the 
wide  central  elevation.  Another  and  much  steeper  and  shorter  graded 
way  led  up  from  yet  another  parallel  canal  farther  wilhtn  the  swamp,  to 
between  the  two  highest  mounds,  down  from  Ihem  again,  and  joined 
this  longer  graded  way  near  the  point  of  its  ascent  to  the  high  centnl 
terrace.  This  foundation,  for  it  proved  to  be  such,  arose  very  steeply 
from  the  here  sharply  curved  edge  of  the  mangrove  swamp,  to  an  almo»> 
uniform  height  of  about  twenty-three  feel  ;  was  from  twelve  to  fourleea 
yards  wide,  and  thence  sloped  more  gently  toward  the  outer  or  western 
shores.  The  northern  extension  of  the  key  was  occupied  by  two  or  three 
clei-ated  and  comparatively  inconsiderable  mounds,  lieyond  which  it  "»* 
terraced  olf  toward  Ihe  extreme  point,  as  was  the  lower  point — though 
less  regularly — lo  a  short,  similar  sea-wall  extension  eastwardly.  th*t 
partly  enclosed,  not  a  muck-court,  but  a  low,  bordered  garden-plat,  con- 
taining two  or  three  round  sinks  or  basins. 

The  most  remarkable  feature  of  this  key  was  a  flat,  elongated  bench, 
or  Inineatcd  pyramid,  that  crowned  the  middle  elevation.  1  discovei«d 
this  merely  by  accident.     In  order  to  gain  a  general  idea  of  the  key. 
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which  was  almost  as  much  overgrown  with  luxuriant  and  forbidding 
vegetation  as  had  been  the  wilder  key  first  explored,  I  climbed  high  up 
among  the  skinny  and  crooked  limbs  of  a  gigantic  gumbo  limbo  that 
grew  directly  from  the  inner  edge  of  this  elevation.  Luckily,  great  fes- 
toons of  tough  vines  clung  to  the  lower  limbs  of  this  tree,  for  in  shifting 
my  position  I  slipped  and  fell,  and  was  caught  by  these  vines,  to  the  sal- 
vation of  my  bones  probably,  since  by  the  force  of  the  fall  some  of  the 
vines  were  torn  awa}',  revealing  the  inner  side  of  this  platform  and  the 
fact  that  it  was  almost  vertically  faced  up  with  conch-shells ;  their 
larger,  truncated  and  spiral  ends,  laid  outward  and  in  courses  so  regular, 
that  the  effect  was  as  of  a  mural  mosaic  of  volutes.  I  hastily  tore  away 
more  of  the  vines,  and  found  that  this  faced-up  edge  of  the  platform 
extended  many  feet  in  either  direction  from  the  old  gumbo  limbo.  I 
may  say  here,  that  on  occasion  of  two  later  visits  I  cleared  the  fa^de 
of  this  primitive  example  of  shell  architecture  still  more  ;  was  enabled, 
indeed,  when  I  last  visited  the  place — since  I  was  then  accompanied  by 
a  considerable  force  of  workmen — to  entirely  expose  its  inner  side 
and  its  southern  end.  Thus  was  revealed — even  more  completely  than 
is  shown  in  Plate  XXIX, — a  parallelogrammic  and  level  platform, 
some  three  and  a  half  feet  high  and  twelve  yards  in  width,  by  nearly 
thrice  as  many  in  length.  It  was  approached  from  the  inner  side  by  a 
graded  way  that  led  obliquely  along  the  curved  ascent  up  from  the  man- 
grove swamp,  to  a  little  step-like,  subsidiary  platform  half  as  high  and 
some  twelve  feet  square,  which  joined  it  at  right  angles,  just  beyond 
the  point  shown  at  the  extreme  right  of  the  picture  here  given.  The  top 
of  this  lesser  step,  and  the  approaches  to  either  side  of  it,  were  paved 
with  very  large,  uniform-sized  clam-shells,  laid  convex  sides  upward,  and 
as  closely  and  regularly  as  tiles.  The  lower  or  southern  end  of  the  main 
platform  was  rounded  at  the  corners,  and  rounded  also  on  either  side  of 
the  sunken  ascent  midway,  in  which  the  longer  of  the  graded  ways  I  have 
described  terminated.  Contemplating  the  regularity  of  this  work,  its 
central  position,  and  its  evident  importance  as  indicated  by  the  several 
graded  ways  leading  to  it  from  distant  points,  I  could  not  doubt  that  it 
had  formed  the  foundation  of  an  imposing  temple-structure,  and  this 
idea  was  ftirther  carried  out  by  the  presence  at  its  northern  end  of  two 
small,  but  quite  prominent  altar-like  mounds. 

Descending  from  the  end  of  the  platform  down  along  the  main 
graded  way — the  one  which  divided  the  terraces  from  the  central  group 
of  high  mounds — I  found  that  at  more  than  one  point,  the  sides  of  this 
deep,  regular  path,  had  also  been  faced  up  with  couch-shells,  though 
none  of  the  courses  were  now,  to  any  extent,  in  place. 

At  the  foot  of  the  inner  and  parallel  sided,  sunken  or  graded  way — 
the  one  descending  from  between  two  of  the  great  central  mounds — I 
caused  an  excavation  to  be  made  between  the  two  straight  banks  or  ridges 
of  shell  that  extended  thence  far  out  into  the  mangrove  swamp,  in  order 
to  ascertain  whether  this  supposed  canal  had  really  been  such  ;  that  is, 
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nn  optn  w*y  or  clinnnel  to  the  sea  for  cnnom.  It  became  evident  tlit> 
it  Unct  beeu  tliLt.  for  we  were  alile  to  excavnlo  through  vegMkl  mnck 
and  other  Horiimnlnicd  dibrit  to  a  deptliofniorv  titan  four  frat,  Allhoagh 
much  1  neon veuie need  by  inflowing  water.  I  thus  found  thai  ths  »hell- 
Iianks  hiul  nut  only  been  built  up  with  a  eonsiiletttblp  degree  of  rcgnlit- 
lly,  but  Ih&t,  well  defined  as  these  ridges  wore,  tliii  portions  iif  tbein  via- 
ble above  the  murk  were  merely  their  creBlB.  ThP  eXMTiition  was  hmiIf 
□car  what  way  thus  be  regarded  as  liaving  furuied  the  original  landtni. 
and  In  11  we  found  a  considerable  nHinhorof  qtitic  wcIl-prr-scrTM  reltn. 
similnr  to  those  I  had  found  in  the  court  on  Josselyn's  key.  Anoihet 
exeavBllon  mnde  near  the  lermioation  of  the  two  enibttukmenls.  huii' 
ever,  revealed  fewer  arlificial  remain*,  otlier  than  blackened  and  WBicr> 
worn  shcrdn  of  |icil.t«ry.  But  I  found  that  hon-  ilfio,  the  artificial  bank* 
or  walle,  so  to  call  them,  bad  been  built  up  with  equal  regularity,  almosi 
vi?rll(-»lly,  from  a  depth  of  between  four  and  five  feet.  In  eiiendia; 
this  excavation,  an  iMteresling  feature  of  Ibc  original  foundations  <iC 
theiie  outworkH  wdh  revealed.  It  coUHiBted  of  a  kind  of  shell  br«cria 
formed  of  the  flnt  layers  of  sheila  that  had  been  placed  there — that 
were  composed  of  concha,  some  of  which  had  been  driven  or  wed^. 
amnller  ends  flrat,  into  the  original  reef  or  bar.  and  had  apparently  beta 
f\inht>r  solidified  by  a  filling  or  packing  in  of  tongh  clay-like  marl,  no* 
BO  indurated  that  iliell.  aherdB  of  pottery,  andbereandtherebHaof  boa^ 
and  chnrt^oal  fonn^d,  with  it,  a  solid  mast>  well  progressed  toward  forailt  V 
/atioii.  Iiidcwl.ivliciilur^crrutjiiienls  .if  (his  lime  hardened  icmoni  wen 
prii-d  up  and  broken  open,  the  shell,  sherds  of  pottery  and  bones  con- 
tuiiicd  in  them  appeared  already  like  fossils,  1  found  by  making  yet  other 
cxrnviitions  in  the  ronliguous  and  almost  untraceable  courts  or  enclM- 
ure<<,  thiit  Ihey,  too,  had  been  built  up  from  an  equal  depth,  as  though  to 
serve  rather  as  flsh-i>ounds  than  as  breakwaters  or  as  courts  to  the  quays 
ami  lniii?efi,  liir  the  crests  of  these  cnclosnres  so  slightly  protruded  above 
the  surriiccofdiv  muck  and  weedy  carpeting  of  the  mangrove  e^wampin 
wliLcb  tUL-voci'iUTcil.  thiil  I  had  at  first  quite  failed  to  observe  them.  Tbo» 
it  ii]ipc!iri*d  Ibiil  (his  liiilf-entlosed  swamp,  no  less  than  the  swamps  sur- 
rciuiuliii;.'  the  first  key  I  had  examined,  contained  similar  sorts  of  enclo- 
siiri's,  only  lliesi-  had  been  lower  originally,  or  else  had  since  been  more 
filh'd  ill  with  muL'k.  vegclnl  growth  and  tide-wash.  The  low-bordered 
lerniceor  garden  plot,  the  margin  of  which  faced  this  swamp  within 
ilLf  imrthern  end  of  the  key,  was  wide  and  comparatively  level,  except 
(liii(  in  iMii'  or  two  jdaci's  toward  the  slopes  of  the  terraces  next  above  it, 
(lii.'if  iHOLirred  in  it  the-  circular  holes  I  have  mentioned  as  basins,  one 
iif  wliiclL  looked  iilmost  like  u  well.  The  like  of  these  I  later  encountered 
nil  iiiiijiy  others  of  the  keys,  and  they  seemed  lo  be  catch-basina  for  rain  or 
phiies  for  water  storage,  arlificial  <;enoles,  as  it  wore,  like  the  spring-hole* 
or  sink-holes  on  the  miilnland  and  in  Yucatan.  Moreover,  the  eurronnd- 
iiiir  idot.  like  the  lerriices  n1  the  lower  end  of  the  key,  and  like  those  1 
had  liiund  on  Ihe  first  island  I  had  explored,  was  scantily  supplied  wilh 
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black  soil  intermixed  with  the  shells,  and  here  I  observed  that  although 
relics  of  other  sorts  were  comparatively  rare,  fish-bones  formed  a  con- 
siderable proportion  of  this  soil,  as  though  fish  or  the  refuse  of  fish  had 
been  used  here  for  fertilizing  purposes.  All  these  observations,  taken  in 
connection  with  the  highly  finished  condition  of  the  crowning  platform, 
of  the  beautifully  paved  approaches  to  it,  of  the  walls  or  sides  of  the 
long-graded  path,  and  of  the  terminal  sea-walls  themselves,  clearly 
demonstrated  the  artificial  origin  of  not  only  such  portions  of  the  key  as 
stood  above  low-tide  level,  but  also,  the  highly  structural  character  of  the 
whole  work — as  I  now  considered  it  to  be,^-of  the  island  in  its  entirety. 

Visible  from  Demorey's  key,  a  mile  and  a  half  or  two  miles  away  in  a 
northeasterly  direction,  stood  a  promontory,  island-like  in  appearance, 
on  account  of  its  relative  boldness.  Learning  from  my  sailor  that  it  was 
really  on  Pine  Island,  and  that  there  also  were  extensive  shell  accumu- 
lations, and  that  in  the  depths  of  the  pine  lands  beyond  were  other  and 
larger  mounds  of  quite  different  character,  I  paid  a  hasty  visit  to  the 
place. 

It  was  known  as  Battey's  Landing,  although  the  "landing  "  had  to  be 
approached  by  wading  a  long  way,  for  the  tide  was  low.  And  as  we 
neared  it  we  were  greeted  by  the  barking  of  a  small  colony  of  hounds  and 
other  dogs.  A  solitary  man  appeared,  who  occupied  one  of  two  small 
huts  that  stood  some  way  up  from  the  shore.  His  name  was  Kirk,  and  he 
was  most  hospitable  and  helpful  to  me.  He  and  his  partner,  Captain 
Rhodes,  worked  the  place  as  a  vegetable  farm,  and  were  now  again  most 
profitably  cultivating  its  ancient  gardens.  However,  I  soon  saw  that  it 
had  once  been  like  the  outer  islets — an  artificial  key — but  so  much  closer 
in-shore,  even  originally,  that  it  had  become  connected  with  the  main 
part  of  Pine  Island  by  extensive  sand  fiats,  still  so  low  as  to  be  washed 
by  high  tides.  The  foundations,  mounds,  courts,  graded  ways  and  canals 
here  were  greater,  and  some  of  them  even  more  regular,  than  any  I  had 
yet  seen.  On  the  hither  or  seaward  side  many  enclosures,  overgrown 
of  course  by  mangroves,  fianked  wide  benches  or  garden  platforms, 
through  or  over  which  led  paths,  mostly  obliterated  by  cultivation 
now.  The  same  sorts  of  channel-ways  as  occurred  on  the  outer  keys 
led  up  to  the  same  sorts  of  terraces  and  great  foundations,  with  their  cor- 
onets of  gigantic  mounds.  The  inner  or  central  courts  were  enormous. 
Nearly  level  with  the  swamps  on  the  one  hand,  and  with  the  sand  flats 
on  the  other,  these  muck-beds  were  sufticiently  extensive  to  serve  (hav- 
ing been  cleared  and  drained  as  far  as  possible)  as  rich  and  ample  gar- 
dens ;  and  they  were  framed  in,  so  to  say,  by  quadrangles  formed  by 
great  shell  structures  which,  foundation  terraces,  summit-mounds  and 
all,  towered  above  them  to  a  height  of  more  than  sixty  feet. 

There  were  no  fewer  than  nine  of  these  greater  foundations,  and 
within  or  among  them  no  fewer  than  five  large,  more  or  less  rectangular 
courts ;  and,  beyond  all,  to  the  southward,  was  a  long  series  of  lesser 
benches,  courts  and  enclosures,  merging  off  into  scarce  visible  frag- 
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ments  Id  the  wliiti.-.  bure  Mrttchts  of  baoA  Dale.    Suffice  it.  if  I  any.  ihaX  1 
this  BcUlement  had  an  average  widlb  of  a  quaiterof  a  mile,  and  extended  I 
nlung  tlie  shore  of  Pine  Island — thai  is  from  north  to  sontli — more  thu    ' 
I  href' -quarters  of  a  mile  ;  that  its  bigb-buill  portions  alone,  inclading  t/t  1 
course,  thi?  Hve  nater  courts,  covered  an  area  of  not  lees  Ihao  m 
fire  or  eighty  acres.     The  inner  courts  were  all,  except  one,  nimUlwd 
with  outlets  that  hud  originally  opened  ihruagh  short  catitils  into  thcstmit 
that  had  separated  tlic  key  from  the  maio  islanil.    The  single  excepitoii 
referred  lo  was  notable.     The  midmost  of  these  Iddbt  cniirls,  whicJi  hih 
too  low  lo  be  made  use  of  as  a  garden,  and  was  therefore  still  ovor^row 
with  enormous  mangrove,  button-wood  and  other  trees,  wks.  or  tuidhv«S.  . 
connected  with  the  sea  liy  a  canal  ihut  led  Into  it  between  iwolnofr  T 
very  high  shell  elevations,  which  tlantced  it  oii  either  side  of  the  wesien  1 
end.     From  the  opposite  end  of  the  court  another  ranni  led  direcUj  I 
eastward  into  the  pine  lands.   Not  to  pause  with  a  farther  aceuunt  oflbir  ■ 
greatest,  except  one,  of  all  the  monuments  of  Iheiinciect  kcyhuildersoa 
the  Florida  coast,  save  to  say  that  in  the  court  of  the  canals  I  foanil  llH 
finest  and  best  preserved  relics  I  had  yet  discovered,  I  will  ouly  dmttrlbt'B 
this  landward  canal  and  the  gigantic  monnilB  and  other  inland  work>U 
which  it  ted.     It  extended  in  a  straight  line  almost  dueettsIwardlyM'NM''] 
the  sand  flats,  that  were,  at  this  point,  very  nnrruw,  and  heuvLlj  ovos^ 
grown  with  cauebtakes  and  high  grasses :  while  beyond,  paliaettm  *ai>  ■ 
yuccas  covered  the  entire  plain  far  into  the  pine-lands.    Il  was  uiilfonnt|'>1 
iiboiii  thirty  feet   wide,  and   though  of  course  now  much  filled.  MpeH' 
ally  between  the  shell-made  levees  tiiat  crossed  the  flats,  it  still  imtin- 
laincd  an  even  depth  of  between  Jive  and  six  feet.     A  few  yards  beyond 
where  il  entered  the  higher  level  of  the  pine  lands,  there  wa.«  a  little 
outlet  from  its  southern  side,  which  led  slraiglit  to  what  had  been  an 
enormous  arlillcial  pond  or  oval  lake,  that  was  still  so  boggy  I  could 
not  Iravvrsc  il.     From  the  opposite  end  of  this  lake,  in  turn,  led  for 
nearly  a  quarter  of  a  mile  further,  in  a  generally  southeastern  direclion. 
but  not  in   a  straight  line,  another  ami  le»!3er  canal.     It  tenninalediD 
another  artificial  lake,  that  extended  east  and  webt,  and  in  the  middle  of 
Ibis   stood,    crosswise,   a   gigantic   and   shapely   mound.     This   mound 
wa.^  oval   in   outline,    flfly-eight   feel   high,   some   thn-e   hundred    and 
seventy-flve  fei't  in  length  and  a.  little  more  than  one  hundred  and  filly 
feel  in  ihc  width  at  its  base.     A  graded  way  wound  around  il  spirally 
from  the  sonlhern  base  to  Ihe  summit,  which  was  com|>aralively  narrow, 
but  long  and  level  like  the  tops  of  the  shell  mounds  on  the  keys.     As- 
cending this  mound,  I  found  tliat  il  had  been  iiuilt  up  of  sand  and  thin 
strain  of  sea-shells  alternately,  and  that  lo  the  presence  of  these  strala 
of  shells  had  been  due,  pn>liably,   the  remarkable  preservation  of  il« 
form.     PiilBhenls  of  line   ijUalily,    chalky    remains   of  human   bones, 
broken  shell  ladles — their  bottoms  significantly  punctured — all  deraon- 
triitcd  Ihe  fact  Ilint  this  mound,  which  obviously  had  been  used  as  llie 
foundation  of  a  lemplc  structure,  had  also  served  as  a  place  of  burial. 
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Due  northeast  from  it,  half  a  mile  farther  in,  might  be  seen  another 
and  even  larger  moand,  double,  not  single-crested,  like  this  The  great 
canal,  a  branch  of  which  opened  into  the  encircling  lake  of  this  mound 
also,  led  on  directly  past  it,  and  could  be  plainly  traced,  even  from  this 
distance,  through  the  palmetto-covered  plain  beyond.  Again,  in  a 
southwest  direction,  not  quite  so  far  away,  I  could  discern  among  the 
scattered  pines  a  hummock,  comparatively  low  and  small,  but  regular 
and  overgrown  thickly  with  palmettos  and  brambles.  It,  too,  proved 
to  be  a  mound,  mostly  of  shell,  but  probably  built  for  burial  purposes, 
yet  furnished  like  these  two  larger  ones,  with  a  contiguous  lake  or  pond 
hole,  from  which  also  led  a  slight  canal  to  the  near-by  sand  flats. 
Returning  to  the  greater  canal  and  following  it  out  to  the  point  of  its 
connection  with  the  lake  of  the  double  mound,  I  found  that  the  eastern 
end  of  this  lake  was  large,  rather  square  than  round,  and  that  it  formed 
really  a  water-court  fronting  the  mound  and  more  or  less  surrounded 
originally  with  embankments— of  sand  chiefly — ^but  like  the  characteristic 
shell  embankments  of  the  keys  in  form,  as  if,  indeed,  made  purposely  to 
resemble  them.  From  this  excavated  lake-court,  a  graded  way  had  also 
once  led  up  the  eastern  side  of  the  double  mound,  its  terminus  forming, 
in  fact,  the  saddle  between  its  two  summits — that  reached  an  altitude  of 
more  than  sixty -three  feet.  In  all  these  regards  it  exactly  resembled  one  of 
the  great  shell  foundations — crowning  mounds  and  all — of  the  outer  keys, 
and  I  could  not  but  be  impressed  with  the  apparent  significance  of  this,  es- 
pecially as  I  found  by  slight  excavation  that  the  mound  had  been  com- 
posed, like  the  other,  of  shell  strata  in  part,  and  that  it  was  erected  verit- 
ably as  a  foundation,  since  there  was  no  evidence  that  it  had  been  used  to 
any  great  extent  as  a  burial  place.  Moreover,  the  great  canal,  turning  a 
little  to  the  southeast,  led  on  again  in  a  straight  line  into  the  interior.  I 
followed  it  for  more  than  a  mile,  and,  although  it  lessened  in  width,  it 
was  distinctly  traceable  still  beyond,  and  I  was  told  that  it  extended 
quite  across  the  island  to  similar  works  and  shell  elevations  on  the 
other  side.  I  later  learned  that  the  canal  and  mounds  on  Naples  Island 
were  not  unlike  these,  although  smaller,  and  that  equally  gigantic 
works  occurred  far  up  the  great  rivers  of  the  coast,  as  far  up  the  Caloo- 
^ahatchee,  for  instance,  as  Lake  Okeechobee  and  the  Everglades.  'Every- 
where, too,  these  inland  works  resembled,  with  their  surroundings — 
embankments,  court  or  bayou-like  lakes,  canals,  graded  ways,  etc  — the 
works  of  the  keys.  And  I  have  been  led  to  infer  that  they  actually  rep- 
resent the  first  stage  of  a  later  and  inland  phase  of  key -dweller  modes  of 
building,  and  furnish  a  hint  that,  perhaps  not  only  other  inland  mounds 
of  Florida,  but  also  the  great  and  regular  mounds  and  other  earth-works 
occurring  in  the  lowlands  of  our  Southern  and  Middle  Western  States, 
and  celebrated  as  the  remains  of  the  so-called  mound-builders,  mav  like- 
wise  also  be  traced,  if  not  to  this  beginning,  at  least  to  a  similar  begin- 
ning in  some  seashore  and  marshland  environment.  I  shall  therefore 
recur  to  the  subject  specifically  in  later  paragraphs. 
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ImmcdJate1,v  after  tompleiiag  thia  examination  of  wlial  I  reganlrd  ti> 
one  of  the  mosi  recent  and  highly  developed  works  of  the  andent  key- 
hnilders,  I  proceeded  down  the  Sound  to  St.  Jftmea  City,  at  Ihe  moth- 
ern  end  of  Pine  Island.  Fortnnatoly  I  bore  friendly  letlersof  infrudno- 
linn  from  Colonel  J.  M.  Kresmer.  of  Philadelphia,  lo  CapMia  E.  Wldls- 
side,  the  principal  resideni  of  the  Utile  city.  He  welcorot-d  me  mo«t 
hoapilably,  and  exicnded  lo  me  whatever  help  !l  wa«  possible  for  bin 
lo  give.  ^ 

Curioa»ly  enough,  the  three  or  four  places  next  exattiiued  by  uie  utter 
my  arrival  at  St,  James  City,  were  as  illUElrallTe  of  Ihe  btgiitnimg*  of 
the  key-dweller  modes  of  life  as  had  been  the  remaiuB  I  had  luei  9Sr' 
plorcd,  of  their  later  development. 

Al  the  extreme  BOUtheaatern  point  of  Pine  Island  oecarr^d  Ihe  Hrst  vt' 
these.  It  consisted  chieliy  of  a  single  long  and.  throughout  the  U>w«r 
portions  of  its  course,  double -crested  shell  emhankmeDi,  from  fbur  to' 
nine  feel  high.  I  was  nl  once  struck  by  the  fact  that  this  great  sb«ll 
ridge,  which  was  more  than  thirty -five  hundred  feet  In  length,  was  madS- 
up  in  parts,  or  comparatively  short,  straight  sectiona.  placed  end  lo  i-UlL 
so  that  its  general  contour  was  more  or  lees  polygonal,  for  it  pnrlialtjr 
encircled  a  wide  mangrove  swamp  on  its  inner  or  landward  side,  withto 
which  could  be  faintly  ficcn  here  and  there  low  shell-bank  enclosnTM 
such  as  I  have  so  frequently  deanribed  heretofore.  I  have  said  tbat  tbift. 
shell  ridge  wna  in  some  places  double,  or  rather  double- created.  TheM 
iloilble  or  parallel  creptH  aloiiji  ils  aummit  were  here  and  Ihcrc  slill  w 
sharp  that  they  distinctly  appeared  to  have  been  formed  by  deposjlioa 
from  above.  This  auggesled  to  me  that  in  tlie  beginning,  a  aeries  of 
straight,  narrow  platforms  or  scalTolds  had  been  erected  end  to  end 
over  the  curved  outlying  reef  here,  and  that  shelle — perhaps  mere  refuse 
at  flrst,  precisely  as  I  had  imagined  when  looking  at  the  old  Fishing: 
Station,  above — had  been  cast  down  along  either  side  of  these  platforms 
until  a  nucleus  of  the  ridge  was  thus  formed.  At  two  points, 
however,  the  works  had  been  widened  and  more  regularly  built  up.  as 
though  at  these  points  the  beginnings  of  characteristic  terraces  and  ofst 
least  one  foundation  had  been  made.  But  nowhere  else  was  there  evi- 
dence that  this  ancient  structure  had  progressed  much  beyond  its  earliest, 
its  fishlng-statiim-stage  of  construction.  It  appeared  to  me  that  ere  it 
had  been  possible  for  the  ancient  builders  to  carry  their  work  here 
further  towards  making  a  permanent  home,  some  hnrricane  or  great 
tidal  wave  had  overwlielmed  them,  or  liad  so  far  destroyed  their  station 
or  incipient  settlement  as  to  render  its  furlber  completion  undesirable 
or  impossible  :  and  that  thus  we  had  preserved  to  us  in  this  place  an 
evidence  of  their  modes  of  beginning  such  stations  or  settlements. 
Afjain,  at  the  opposite  or  southwestern  point  or  corner  of  Pine  Island 
had  stood  another  great  shell  ridge,  higher,  wider,  generally  curved 
also,  and  a  little  fnrlher  progressed  towards  formation  as  a  pemia- 
ncnl  settlement ;  for  at  its  upper  end  there  remained  evidence  that  it 
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had  possessed  narrow  terraces  and  two  or  three  considerable  founda- 
tions. The  greater  portion  of  this  work,  however,  had  been  removed 
by  Captain  Whiteside — at  a  cost  of  more  than  ten  thousand  dollars — for 
use  in  the  construction  of  a  boulevard  around  the  end  of  the  island  and 
of  crossroads  through  the  marshy  space  it  enclosed.  Miles  of  shell- 
road — the  most  beautiful  in  southwestern  Florida — had  thus  been  made, 
yet  still  the  shell  material  of  this  one  old-time  beginning  merely,  of  a 
key,  had  not  thereby  been  wholly  exhausted.  Few  relics,  other  than  a 
couple  of  skeletons  and  numerous  shreds  of  pottery  and  fragments  of 
broken  shell  tools,  had  been  encountered  during  the  demolition  of  the 
structure  ;  yet  it  was  plain  that  it  had  been  built  on  low  encircling 
reefs  up  from  the  very  level  of  the  water  as  had  all  the  others. 

Another  work,  quite  similar  to  this,  but  still  undisturbed,  was  found 
by  me  straight  across  Carlos  Bay, — as  the  body  of  water  to  the  south  and 
west  of  Pine  Island  and  at  the  mouth  of  the  Caloosahatchee  river  was 
called — on  one  of  the  inner  marginal  reefs  of  Sanybel  Island,  the  lower 
end  of  which  formed  here  a  great  loop  around  the  bay  and  entrance  re- 
ferred to.  At  this  point  the  ancient  key -builders  had  succeeded  in  progress- 
ing a  stage  or  two  further  in  the  construction  of  one  of  their  settlements 
ere  they  had  been,  evidently  in  like  manner  as  at  the  other  places,  over- 
whelmed by  some  catastrophe.  Such  portions  of  the  work  as  were 
left — for  some  part  of  it  had  been  destroyed  and  washed  away  by  suc- 
cessive storms — formed  more  of  an  enclosure  of  mangrove  swamp  than 
did  either  of  those  last  described.  It  had  been  considerably  widened 
and  built  up,  at  its  middle,  and  again  towards  its  western  end.  Well- 
defined  canals  led  in  from  among  shell-bank  enclosures  within  the  man- 
grove swamp  to  both  of  these  built-up  points,  the  westernmost  termina- 
ting in  a  diminutive  inner  court.  At  both  points,  too,  the  foundations  of 
mound -terraces  had  been  begun.  Digging  in  towards  the  middle  of  one 
of  these  incipient  terraces  from  the  outer  shore  line,  I  encountered  not 
only  numerous  relics,  but  also  large,  flat  fragments  of  breccia-like 
cement.  Further  up,  on  the  more  level  portion  of  this  terrace,  I  found 
that  the  cement  was  continuous  over  a  considerable  space,  but  that  the 
bed  thus  formed  abruptly  ended  along  a  line  parallel  with  the  western 
edge  or  end  of  the  elevation.  At  almost  regular  intervals  along  this 
line  occurred  holes  in  the  compact  substratum  of  shell,  formed  by  the 
decaying  of  stout  posts  that  had  been  set  therein — ^as  was  shown  by  lin- 
gering traces  of  rotten  wood  that  occurred  in  each.  Thus  it  appeared 
that  this  flat  bed  of  cement  had  once  formed  a  thin  vertical  wall,  or 
rather  the  plastering  of  a  timber-supported  wall,  probably  the  end  of 
some  large  building  which  had  crowned  the  terrace,  and  that  had  fallen 
in  under  the  stress  of  some  storm  or  as  a  result  of  other  accident. 

To  ascertain   whether  the  works  here   were,   like   the  outworks  of 
Demorey's  key,  originally  founded  upon  a  shallow  or  .submerged  reef, 
I  caused  a  trench  several  feet  long  to  be  excavated  down   to  between 
eighteen  inches  and  two  feet  below  mean  tide-level.     I  thus  ascertained 
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that  here,  as  on  Demorey's  key,  llie  whole  structure  liaJ.  ini 
built  up  on  H  {ih'iiil  or  reef;  a  solid  fonndntiou  of  very  large,  caocb-d 
having  first  beeu  driven  Into  tlic  original  reef,  but  not  appsreiitlir  h 
reinforced  wiilt  cluj-uiarl;  snuiller  alielU  ofiiuny  kinds  linving  tfaen.  it  1 
torn,  been  piled  on  tliis.  and  tbnt  finally — aa  shown  by  tlie  Inlae  of  Dai-  1 
form-sized  conc|ig  around  the  base  of  the  terrace — the  ouli^r  nod  iai 
fni'ts  of  the  niiole  elevation  had  been  covered  over  or  faced  up  with 
coume!'  of  theee  beautifiil  fihells.  The  examination  of  the  mere  beKiD- 
ning  of  a  staiion  or  a  settlement  at  the  southern  end  of  Pin«  laland,  iheo 
of  this  further  advanced  remnant  of  Hocicnt  work,  demonstratod  to  ID 
the  correctness  of  (he  Inference  I  ventured,  prematurely  perbaps.  t 
mentioDiu  an  enrlierportion  of  this  paper.  The  floding  here,  also,  of  wtii 
was  almost  unmistakably  the  outer  coiiling  or  plaaleriiig  of  a  icinple  Vt 
BUiiit^otherkind  of  large  building  upon  one  of  the  flat  terraces  or  raound%> 
sncli  as  I  have  so  often  described  as  found  on  the  upper  keytt  io  nion 
perfected  condition,  seemed  nb>n  lo  indieate  as  unmlBlakably  thai  IbeM 
mounds,  wherever  found,  liiid  Iieen  designed  as  the  foundations  of  nviA 
buildings  of  a  more  or  less  permanent  and  probably  public  ur  iribU 
cliaracier. 

A  l<mg,  very  low  sand-spit,  com jtara lively  narrow,  and  covi 
mttugroves.  extended  in  a  direction  parallel  with  the  curved  Innersfaoni 
of  Sanybcl  Island,  from  very  near  the  end  of  this  andcnt  settletnenl  n 
almost  the  end  of  the  Island  ilself.  This  low  bar.  joined  byuiathertM 
put  out  from  the  oppositely  rurved  shore  of  (be  island,  eneloacd  a  round 
body  of  water  known  as  Ellis'  Bay.  I  heard  that  Captain  Ellis,  the 
long-time  resident  of  the  place,  had  found  near  liis  <tuaint  palmetto  hots 
on  ils  southern  shore,  a  few  days  previous!}-,  some  human  bones,  I 
visited  his  place.  I  would  fain  describe  it  in  all  its  pictiiresqueness.— 
the  thalcbed  houses  irregularly  set  on  tlie  low  flat  streleh  of  sand,  amid 
clumps  of  native  palmettos  and  luxuriant  groves  of  lime,  orange,  and 
other  tropical  fruit  trees ;  but  can  only  pause  to  make  dne  acknowledg- 
ment of  his  whole-souled  courtesy  and  helpfhlness  during  the  prosecu- 
tion of  my  basiy  excavations  there.  Behind  bis  little  assemblage  of  huts, 
the  land  rose  gnidually  to  a  considerable  height,  consisting  almost  wholly 
of  sea  sand,  Ihat  bad  been  drifted  oi-er  from  the  opposite  beaches  of  Ihe 
gulf.  This  sand  drift  had  in  the  course  of  cenluries  [|uite  buried  a  low  but 
extensive  ancient  shell  settlement,  A  drainage  canal,  that  had  recenllv 
been  dug  by  settlers  living  farther  up  the  island,  revealed  to  me  Ihe  pre- 
viously uiisus|tectcd  presence  of  this  settlement,  and  the  fact  that  it.  like 
all  the  others  1  have  described,  had  been  built  up  originally  from  reeft 
or  shoals.  From  it,  a  si>rl  of  causeway  of  conch-shells  had  once  led  oat 
towards  a  nearly  round,  enclosed  space,  closer  to  the  present  shore,  and 
off  to  the  westward  side  of  Ellis'  place.  This  enclosure  was  now,  of 
course,  tilled  with  boggy  muck  and  overgrown  ;  but  it  surrounded  * 
somewhat  extensive,  low  mouiul,  composed  in  part  of  shells  and  in  part 
of  black  soil.    The  mountl  (or  hammock,  as  such  mounds  in  lowland) 
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are  universally  called  in  that  section  of  the  country)  was  under  cultiva- 
tion as  a  vegetable  and  fruit  garden  ;  and  it  was  in  the  attempt  to  re- 
move from  it  the  roots  of  a  large  stump,  that  Captain  Ellis  had  made  the 
find  of  human  bones  I  had  heard  of.  In  excavating  near  by,  I  discov- 
ered that  the  whole  heap  was  permeated,  so  to  say,  with  broken  human 
remains  ;  large  bones  and  small,  many  of  which  had  been  split  or  shat- 
tered, mingled  with  skulls,  some  few  fortunately  still  entire,  although 
very  fragile.  I  succeeded  in  securing  eleven  of  these  skulls  before  leav- 
ing. Few  relics  of  any  other  sort,  save  now  and  then  punctured  shell 
ladles,  were  encountered  ;  but  it  was  perfectly  obvious  that  the  place  had 
been  a  true  bone-heap,  established  on  a  slight  artificial  elevation  in  the 
midst  of  an  ancient  enclosed  pond  or  water  court,  and  it  was  also  evi- 
dent that  the  human  remains  therein  deposited,  had  been  dismem- 
bered before  burial,  for  ceremonial  purposes  probably — had  been  even 
broken  up  in  some  cases.  I  later  learned  that  this  place  was  typical  of 
the  ossuaries  or  lake-enclosed  cemetries  almost  invariably  found  on  the 
ancient  keys,  and  came  to  look  upon  these  curious  little  mortuary  lakes 
or  water  courts,  with  their  overfilled  central  islets,  as  having  been  thus 
framed  and  fashioned  to  be,  as  it  were,  miniature  Keys  or  Shell  Settle- 
ments of  the  Dead  Key  Dwellers  buried  therein. 

I  believe  I  have  now  described  sufficiently  typical  examples  of  the 
ancient  artificial  shell  islands — or,  as  I  like  better  to  call  them,  '*  Keys  " — 
of  these  inland  seas  of  the  southwestern  coast  of  Florida. 

Ere  passing  on  to  the  scene  of  our  long  continued  and  more  thorough 
examination  of  one  of  the  most  ancient  and  characteristic  of  these,  how- 
ever, it  may  be  well  for  me  to  mention  that  there  were,  in  Charlotte 
Harbor,  Pine  Island  Sound,  Caloosa  Entrance  and  Matlatcha  Bay  alone, 
more  than  seventy-five  of  them.  Forty  of  this  number  were  gigantic, 
the  rest  were  representative  of  various  stages  in  the  construction  of  such 
villages  of  the  reefs.  No  doubt  a  more  searching  exploration  of  these 
waters,  and  of  the  wide  and  forbidding  mangrove  swamps  on  contiguous 
shores  of  Sanybel,  and  of  others  of  the  outer  islands,  and  of  Pine 
Island,  as  well  as  of  the  mainland  itself,  would  reveal  many  others  ;  but 
the  amount  of  work  represented  even  by  the  number  I  have 'already 
named  is  so  enormous  and  astounding,  that  it  cannot  be  realized  or 
appreciated  by  means  of  mere  spoken  description  or  statement. 

Beyond  the  incurving  lower  point  of  Sanybel  Island,  it  was  necessary 
to  make  the  rest  of  my  journey  through  the  open  Gulf ;  not  that  another 
series  of  narrower  inland  seas  did  not  lie  within  similar  narrow,  sandy 
islands,  but  because  I  could  not  pause  to  examine  their  islet-studded 
reaches.  I  stopped  at  only  two  places  on  my  way  to  Key  Marco,  which 
was  still  between  forty  and  forty-five  miles  further  to  the  southward.  One 
was  at  Mound  Key  or  Johnson's  Key,  as  it  was  variously  called.  I  make 
mention  of  my  visit  to  the  place  principally  because  of  its  great  extent. 
It  consisted  of  a  long  series  of  enormous  elevations  crowned  by  imposing 
mounds  that  reached  an  average  altitude  of  over  sixty  feet.    They  were 
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iniersperBed  wllii  lieep  inner  cotirtg.  iintt  widely  iiUTTOund«d  wliU 
closuri's  ibat  wen-  tlireaded  by  broad,  lar-rpACiiing  rwnals,  wi  Uiai 
utie  key  included  an  urea  of  iiuite  two  liandred  wres.  wiihin  wfalcb 
may  be  reckoned  only  sucli  surface  as  had  livca  RCtiinlly  rtn^Uiued 
the  ancient  key  builders  from  this  inlaud  or  slinrc-land  eca.  I  was 
by  Mrs.  JohiiHon,  wife  oftbeownerof  the  place,  tu  whom  good  Mr», 
bad  kiudly  given  me  a  ebantcteriatir  letter  of  introduction,  liial  b 
tnoundn.  am  aniikL-  the  one  on  tlie  TAVib  place,  bul  larger,  ixvurred  In  lh« 
depths  of  Ihe  wide  mangrove  evrampa  thai  lay  below  towards  the 
land,  and  that  here  on  the  heigbte,  many  Spanish  relici  bad  been  fotiod- 
Venetian  beads,  scrapis  of  sheet  copper,  small  ornaments  uf  guld 
Btlver,  Bad  a  copper-gUt  lockeu  She  showed  me  ihis.  It  coolaiaed 
Glided  portrait,  and  a  still  more  faded  letter,  written  on  yellow  parchmea^ 
apparently  from  some  Spanish  Orandee  of  about  two  hundred  yenr^ 
to  a  resident  colonist  of  that  lime. 

Whether  these  relics  indicated  that  here  the  ancient  key  dwelkn 
their  mixed  descendants  had  lingered  on  into  early  hialoric 
that  the  Misaion  that  these  things  betokened,  had  been  eatabliBbed  among 
them,  or  among  alien  succeBsors,  could  not.  of  coume,  be  deierminpd . 
bm  around  the  lower  cmirtB,  and  on  the  old  garden  terraces.  I  found 
abundant  epeciniens  of  shell  and  ciiarae  pottery,  characteristic  of  tbe  kejr 
dwellers  proper  who  had  anciently  built  this  Island,  and  since  leturnia^ 
I  have  carefully  exantloed  an  fntereatins  aeries  of  both  kinds  of  relief 
ilH[lierr-d  here  liy  your  fellow -mcmhcr,  Mr.  .lopeph  Wilcrix,  which  utTrr 
even  bclier  evidence  of  this,  and  are  now  I  am  happy  to  say  preserved 
in  the  University  museum. 

I  made  only  a  brief  stop  at  Naples  City.  Captain  Large  of  that 
place,  lo  whom  I  bore  a  letter  of  introduction,  received  me  niotl 
courteously,  and  showed  me,  nearbi',  the  mouth  of  the  ancient  canal,  of 
which  t  had  already  heard  from  Col.  Dumford.  Except  that  it  oare 
opened  in  dircclly  from  the  Gulf  and  had  evidently  been  designed  as  a 
canoe  pass  across  the  island,  it  was  in  many  respects  like  the  one  I  had 
examined  on  Pine  Island,  although  deeper  and  at  tbe  same  lime  nar- 
rower. I  was  told  by  Captain  Large  that  like  mounds,  too,  occurred 
near  its  outlet  on  the  farther  side,  and  that  it  terminated  in  front  of 
some  ancient  shell  works  out  in  the  inner  bay  beyond,  similar,  I  jndired. 
to  those  at  Battey's  Landing. 

From  Naples  City  the  sail  lo  Mareo  was  short ;  for  squalls  were  rising 
out  over  the  Uulf,  making  its  opalescent  waters  tumultuous  and  mag- 
nificent, but  Id  my  sailors,  terrible,  driving  us  now  and  anon  furiously 
fast  through  tbe  rising  billows,  what  though  our  sails  were  reefed  low. 
Big  Marco  Pass  opened  tortuously  between  two  islands  of  sand ;  ttie 
uorthern  one  narrow.  Umg  and  straight,  backed  by  mangrove  swamps; 
Ihe  southern  one  broad,  generally  flat  but  undulating,  and  covered  with 
tall,  lank  grasses,  scattered,  scrubby  trees,  and  stately  palmettos.  The 
mangrove  swamps,  sundered  by  numerous  inlets  on  tbe  one  aide,  this 
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wide,  straight-edged  sandy  island  on  the  other,  bordered  the  inlet  that 
led  straight  eastward  a  mile  or  more  to  the  majestic  cocoanut  grove  that 
fronted  Collier's  Bay  and  Key  Marco.  I  will  not  describe  the  key 
greatly  in  detail,  for  an  admirable  contour  map  of  it,  made  with  great 
care  by  Mr.  Wells  M.  Sawyer,  artist  of  the  expedition  I  later  conducted 
to  the  place,  is  furnished  herewith.  The  key,  like  Battey's  Landing, 
like  Johnson's  key,  and  many  other  places  of  the  kind,  was  now  more 
or  less  connected  with  contiguous  land  ;  yet  obviously,  when  built  and 
occupied,  it  had  stood  out  in  the  open  waters.  It  was  not  even  yet 
joined  to  Caximbas  Island,  at  the  northwestern  angle  of  which  it  stood, 
save  by  a  wide  and  long  mangrove  swamp  that  was  still  washed  daily 
by  high  tide.  As  may  be  seen  by  the  plan, — on  Plate  XXX, — 
a  number  of  long,  straight  and  narrow  canals,  terminating  in  little 
court-like  landings  and  short  graded  ways,  stretched  in  from  the 
western  side,  the  lower  end  of  which  was  enclosed  and  extended 
by  a  massive,  level-topped  sea-wall,  now  used  as  a  wagon  road, 
reaching  nearly  a  quarter  of  a  mile  into  the  mangrove  swamps,  and 
indicating  that  when  it  was  built,  this  had  been  the  stormward  side, 
which  it  had  therefore  been  necessary  to  protect.  There  were 
other  indications  that  the  extensive  sand  bank  or  island  which  now 
fronted  the  key  across  Collier's  Bay  on  this  gulf-ward  side,  as  well 
as  the  long  reaches  of  mangrove  swamp  to  the  southward,  had  all 
been  formed,  in  the  main,  since  the  date  of  its  occupancy.  This  was 
notably  the  case  with  many  other  keys  in  the  neighborhood  of  Key  Marco, 
which  keys  formed,  with  the  intermediate  mangrove  islets, — mere  seg- 
regated sections  of  swamp  they  appeared,  scarcely  rising  above  the  tide 
level, — the  northernmost  of  the  great  archjpelago  of  the  Ten  Thousand 
Islands.  Explorations  among  these  border  islands,  within  a  radius  of 
from  fifteen  to  twenty  miles  around  Key  Marco,  demonstrated  the  fact 
that  on  an  average  about  one  in  every  five  of  them  was  an  ancient 
shell  settlement  or  key  proper  like  Marco  and  the  others  already 
described,  and  that  the  low-lying  intermediate  islets  had  mostly  been 
formed  on  shoals  caused  by  drift,  around  and  between  these  obstructions 
built  by  man,  since  the  time  of  their  occupation.  Again,  around  each 
one  of  these  more  southerly  shell  keys  or  settlements,  the  fringe  of  the 
mangrove  swamps  was  far  deeper,  or  wider,  than  around  the  more 
northerly  keys,  indicating  that  a  much  greater  time  had  elapsed  since 
their  abandonment ;  time  enough  for  the  formation  of  many  miles  of 
sand  bank,  and  the  growth  thereon  of  the  mangrove  swamps  around 
and  between  them.  Marco  inlet,  or  the  eastward  and  southward  exten- 
sion of  Big  Marco  Pass,  formed  to  the  northeast  and  east  of  Key  Marco 
a  comparatively  wide,  deep  bay.  The  edge  of  the  key  along  this  bay 
had  evidently  been  worn  away  to  some  extent,  so  that  its  eastern  face 
afforded  in  places  sectional  views  of  its  structure  that  told  the  same 
story  with  regard  to  this  key  that  my  excavations  had  told  with  regard 
to  Demorey's  and  the  little  keys  in  the  neighborhood  of  St.  James  City  ; 
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iianiclf ,  that  aitlioagli  far  more  rxteDBtve  anil  quite  I'lftj-,  tliia.  no  1m* 
Ihaii  they,  had  been  bnilt  froDi  the  very  sea  level  upward.  Two  or 
three  straight,  dee])  and  regular  canulsled  in  from  this  side  also,  out' in  i»r- 
liinilnr,  directly  through  the  loRier  terraces  here,  to  the  ceniml  plrvi- 
tioti  of  the  place.  This  reft(ilied  a  height  of  ouly  eighttwn  or  nineteen 
feet,  yet  it  was  still  remarkably  regular,  uearlj'  parallelogrammic,  Elui- 
t(ti>i>ed.  and  upon  its  level  Humniit  stood— in  place,  probably,  of  th« 
aadenl  temple  that  once  anrmounled  it  (for  there  occurred  h«re.  a#  on 
Ihr  pyramid -platform  of  Demorey'a  key,  an  altar-like  mound  near  iJii- 
northern  ead) — the  bouse  nnw  occupied  by  Cnptaio  Cutbbert,  [janowner. 
with  Captain  Collier,  of  Key  Harco.  A  graded  way  descended  alaot- 
ingly  across  the  lower  end  of  this  cmiuenca.  into  what  hud  Brat  been  a 
<%ntra]  court,  like  the  one  on  .Tosselyu's  key.  This,  however,  liad  In 
course  of  tiii)e  been  ttllcd  purposely,  and  the  canal  tliai  had  led  straight 
iuto  It  from  the  south  had  been  filled  in  loo,  so  as  to  foroi  n  proloni^tivi) 
of  the  graded  way  down  to  the  edge  of  the  great  court  or  muck -III led 
bayou  that  was  embraced  within  the  two  lateral  and  southern  pxieusion* 
of  tlie  key.  In  the  soutlieastern  portion  of  these  brond  flnt  canal- 
seamed  extensions,  might  be  seen  still  two  or  three  remarkably  reeular 
and  deep  circular  tanka  or  qenotea,  as  1  have  called  tUein,  whence  simighl 
sunken  ways  led  up  to  the  easternmost  of  theserieaof  broad  foundaiioa* 
and  inounda  that,  with  other  dUod-ln  garden  courts  between,  flank«d  Ibt 
central  eraiaence  or  tern  pic -pyramid  on  either  side.  Just  inside  of  ihf 
s-'nwall  IhBI  priiler;tcd  the  ^.iuibwc^^icrn  ('dirt  r.f  ihc  k.^y  <>.-c'iim-i(  tlir 
little  triangular  miick-court  which  had  been  dug  inio  first  by  Captain 
Collier,  Mr.  Wilkina,  and  Colonel  Durnford. 

I  was  most  courteously  received  by  Captain  Collier ;  both  be  and  his 
neigblwr,  Captain  Cutbbert,  gave  nie  entire  freedom  to  explore  where- 
Hoeverl  would,  and  in  whatsoever  manner.  As  may  be  seen  by  ibe 
accomiHinying  plan  of  liie  "Court  of  the  Pile  Dwellers,"  (thus  I  later 
named  this  place)  I  caused  an  excavation  to  be  made  to  one  Hide  of  and 
Just  beyond  those  thai  had  been  made  by  the  geutlemen  mentioned 
(see  plan, -Plate  XXXI,  Sections  'ii,  44).  A  single  day's  work  in  Ibis 
boggy,  mangrove-covered,  water-souked.  muck  and  peat  bed.  revealed 
nol  only  other  such  relics  as  I  had  found  in  the  keys  above,  but  a  con- 
siderable number  of  well-preserved  objects  of  wood,  including  more 
of  the  kind  I  had  seen  in  Colonel  Diirnford'a  possession,  and,  what 
was  especially  significant,  the  remains  of  short  piles,  of  slight  timbers, 
of  a  long,  beautifiilly  finished  spruce-wood  spar,  of  charcoal,  and 
fragments  of  indurated  material  that  had  once  formed  the  heat- 
hardcne<l  plaster  of  hearths.  There  were  also  small  masses  of  mncb 
decayed  thatch,  apparently  for  house-roofing  or  siding.  I  Jndged,  and 
not  a  few  unfinished  objects,  lo  say  nothing  of  abundant  refuse  of 
meals.  All  which  indicated  that  my  inference  in  regard  to  Ibe  na- 
ture of  this  place  as  au  actual  site  of  fonner  residence  was  as  tenabli 
as   hud   been  the  more   general   conclusion  that  it   was  not  a  solitary 
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example  of  its  kind.  Key  Marco,  water-courts,  canals,  elevations, 
central  mounds,  cistern  holes,  garden  terraces  and  all,  was.  that  is, 
but  another  such  as  were  the  keys  further  north.  I  scarcely  paused 
in  this  preliminary  reconnaissance  to  do  more  than  determine  this 
most  significant  point,  but  prosecuted  the  excavation  only  during  a 
portion  of  the  following  day,  then  packed  up  my  already  considerable 
collection,  and  securing  permission  from  Captain  Collier,  to  bring  men 
and  more  thoroughly  excavate  the  place  another  year,  returned  to  St. 
James  City. 

There,  with  Captain  Whiteside's  ready  help,  I  secured  the  services  of 
an  intelligent  and  interested  Scotchman,  Alexander  Montgomery  by 
name,  and  of  Johnny  Smith,  an  active  and  bright  young  pilot  of  the  place. 
With  them,  I  reexamined  and  excavated  to  some  extent,  in  the  keys  I 
had  already  seen,  and  in  some  others  around  Pine  Island  ;  finding  only 
more  and  more  reason  to  regard  them  as  of  such  kind  as  I  have  already 
described. 

The  rainy  season  had  set  in.  The  heat  was  excessive,  although  it  was 
only  early  June.  The  mosquitoes  and  sand  flies  swarmed  forth  from  the 
mangroves  in  such  clouds  that  wherever  we  dug,  except  on  one  or  two 
of  the  comparatively  barren  and  lofty  keys,  it  was  necessary  for  us  to 
build  smudge-fires  all  around  us  and  breathe  their  pungent  smoke  in 
order  to  be  free  from  these  irritating  creatures.  I  mention  this,  not  be- 
cause I  was  forced  to  abandon  work  thereby,  but  since  it  offered  one 
more  explanation — an  important  one,  it  seemed  to  me — of  the  causes 
that  had  led  to  the  building  and  occupation  of  these  ancient  keys  so  far 
out  in  the  shallow  but  open  waters,  where,  ere  the  mangroves  grew, 
men  were  comparatively  free  from  these  pests  of  life  in  southern  Florida 

These  additional  explorations  quite  convinced  me  that  in  those  yet 
unnumbered  tropic  islands  lay  a  vast,  comparatively  new  and  very 
promising  field  for  archaeological  research,  and  with  this  thought  and 
its  warrant  in  the  way  of  collections,  I  hastened  back  to  Philadelphia 
and  made  report  to  Doctor  Pepper. 

Organization  op  the  Pepper-Hearst  ARCHiBOLooiCAL 

Expedition. 

I  am  happy  to  say  that  Dr.  Pepper,  with  the  ready  aid  of  several  of 
his  friends  and  associates,  immediately  planned  to  fit  out  under  my  di- 
rection, during  the  following  winter,  an  expedition  for  the  more  com- 
plete exploration  of  this  interesting  region.  At  a  meeting  held  soon 
after  my  return,  Mr.  Jacob  Disston  generously  volunteered  not  only  to 
make  a  contribution — as  did  several  other  Associates  of  the  Archaeologi- 
cal Department  of  the  University,  whom  I  would  fain  mention — but, 
also,  to  turn  over  for  our  use  his  schooner,  the  SiUtr  Spray,  belonj^- 
ing  to  a  fleet  of  sponging  vessels  at  Tarpon  Springs,  some  twenty-live 
miles  north  of  Tampa,  on  the  west  coast  of  Florida.     Almost  as  speedily. 
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ton,  Major  J.  W.  Powell,  Dirocior  of  the  Bureau  of  A^nieriran  Klbnolu;^, 
provisioDally  grautod  mo  leave,  and  promUe  of  official  rcrognltlAn  sail 
ussistHQce  ID  tLc  conduct  of  tliix  proposed  expoditinn  in  tlie  Joioi  iDt<'riii<i 
of  the  BnreHU  iUelf,  iiiid  of  the  Depurtment  of  A-rchaiiilogy  of  the  L'ni- 
rersily  of  Pen  nay  I  van  in. 

funds  were  placed  Ht  m;  dispasal  by  Dr.  Pepper  Isle  in  Naveiulier. 
IBOfl.  and  happily  I  wns  nblo  lo  SDcurc  Ihr  valiinterr  snrrlceo  of  Hr 
Wells  M.  Sawyer,  lo  ho  Arilet  and  Photographer  of  llio  expodlUon  ;  of 
Mr.  Irving  Sayford,  of  Hurrisburg,  lo  be  itn  Field  Bccrelary  ;  and.  for  ■ 
Binall  salary,  of  Mr.  Carl  F.  W.  Berginann,  previously  trained  a*  a 
Preparator  of  CoUecllonH,  iu  the  United  Hiuies  National  Hnaetuu. 

The  Clyde  Line  Stnamsliip  Company  a gnin  laid  h&  under  nbli^tlnn 
by  rtirnlabing  passes  for  all  of  these  gentlemen,  from  New  York  City  ui 
JacksoDville  and  Sanford.  Tbey  left  Washington  on  the  fourth  day 
of  December.  Two  days  later,  Mrs.  Cuahlng  and  I  left  overland,  anil 
joined  them  at  Jacksonville.  Willinul  delay  we  proi^neded  Ihcnen  via 
.Sanford,  to  Tarpon  Springs. 

EXCLOKATIONS  IN   THK  RKUIOK  OF  TaBI-OK   BprIHOB. 

tin  fort  onately  I  found  that  the  BUtfr  Sprag  had  but  recently  been 
acnt  away  on  another  sponging  crnlae,  and  that  1  could  not  expect  Iwr 
return  for  some  time.  Anxious  as  I  was  to  proceed  with  the  explota- 
tton  of  the  sliores  and  keys  further  to  the  southward,  nevertheless,  ll 
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tlons  ill  the  less  novel,  but  still,  arcli)eologically  rich  fields  around  Tar- 
jKin  Springs  and  In  the  region  of  the  Anclote  river,— upon  a  bayou  ol 
which  this  beautiful  little  winter  resort  was  situated. 

Since  Mr.  Clarence  B.  Moore,  of  this  city,  has  for  a  number  of  year? 
conducted,  witli  rare  skill  and  great  success,  explorations  among  mouDd<^ 
and  till-  ancient  camp  sites  of  other  more  easterly  portions  of  Florida 
and  .since  tlie  colleclions  he  has  gathered  there,  more  or  less  resem- 
ble those  Ihal  we  were  able  lo  gather  In  the  burial  mounds  and  camp 
siles  of  the  Tarpon  Springs  region,  and  have  been  admirably  illus- 
Iniled  lo  Ihe  world  in  his  various  monographs,  I  will,  in  this  paper. 
J>iiss  over  the  results  of  our  c.\plorations  there  very  llghlly. 

We  mot  helpful  friends  at  Tarpon  Springs.  Messrs.  Cheyney  and 
Marvin  assigned  ti)  us  couiforlalilc  quarters  in  one  of  their  hole!  col- 
lage^i  and  subsequently  aided  us  in  iiiuuy  ways  ;  and  it  was  my  esjiccial 
meet  Mr.  Leandcr  T.  Saffonl,  adopted  son  of  the 
Springs,  and  to  be  conducted  by  him.  on  the  very 
lo  an  ancient  burini  mound  lying  at  the  foot  of  the 
donging  lo  the  SafTord  Estates.  This  little  mound 
■ently  untmportanl.  for  it  had  been  superficially  hon- 
V  hunters;  yet  a  few  scattered  fragments  of  bone, 
rtiinry  potsherds,  indicated  lo  me  not  only  that  it  had 
ly  rich  in  burials,  but,  also,  that  In  Its  depths  many  of 
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the  interments  still  remained  undisturbed.  Accordingly  I  forthwith 
engaged  workmen  to  excavate  it  systematically  and  thoroughly — ^a  labor 
that  occupied  several  weeks.  During  its  progress,  however,  we  encoun- 
tered the  remains  of  more  than  six  hundred  skeletons.  These,  with 
notable  exceptions — probably  those  of  chiefs  and  head  men — had  been 
dismembered  previously  to  interment,  but  were  distributed  in  distinct 
groups  that  I  regarded  as  communal  or  totemic  and  phratral,  and  of 
exceeding  interest ;  for  they  seemed  to  indicate  that  the  burial-mound 
had  been  regarded  by  its  builders  as  a  tribal  settlement,  a  sort  of  "Little 
City  of  their  Dead,"  and  that  if  so,  it  might  be  looked  on  as  still,  in  a 
measure,  representing  the  distribution  and  relations  of  the  clans  and 
phratries  in  an  actual  village  or  tribal  settlement  of  these  people  when 
living.  Moreover,  in  the  minor  disposition  of  the  skeletons  that  had 
not  been  scattered,  but  had  been  buried  in  packs,  or  else  entire  and 
extended,  in  sherd-lined  graves  or  wooden  cists  within  and  around  each 
of  these  groups,  it  seemed  possible  to  still  trace  somewhat  of  the  relative 
ranks  of  individuals  in  these  groups,  and  not  a  few  of  the  social  customs 
and  religious  beliefs  of  the  ancient  builders.  This  possibility  was  still 
further  borne  out  by  the  fact  that  with  the  skeletal  remains  were  associ- 
ated, in  differing  w^ays,  many  superb  examples  of  pottery  and  sacrificial 
potsherds,  and  numerous  stone,  shell  and  bone  utensils,  weapons,  and 
ornaments.  That  the  Safford  mound  was  typical  was  conclusively 
shown  when  we  were  permitted  by  Captain  Hope,  of  Anclote,  to  exca- 
vate a  similar,  although  larger  and  higher  mound,  on  land  of  his  at 
Finley  Hammock,  some  nine  miles  to  the  northwestward  of  Tarpon 
Springs,  and  when  we  found  there  also,  abundant  similar  interments 
and  relics  of  like  kinds,  similarly  distributed. 

Of  all  the  art  remains  we  recovered  from  these  two  mounds,  none 
possessed  greater  interest  than  the  pottery.  Considerable  numbers  of 
unusual  forms  were  found,  including  terra-cotta  drums,  tall,  very  ornate 
cups  or  vases,  and  small  flat -bottomed  bowls,  decorated  by  means  of 
etched  and  carved  lines,  some  of  tliese  carved  designs  being  maskoidal 
in  character,  and  obviously  derived,  as  were  the  stamped  and  otherwise 
wrought  surface  designs  on  countless  sherds  in  the  collection,  from 
woodenware  forms  and  designs.  By  far  the  most  interesting  class  of 
this  pottery  was,  however,  such  of  it  as  had  been  decorated  by  puncta- 
tion — literally  by  tattooing — not  merely,  I  judged,  in  imitation  of  tat- 
tooed totemic  designs  on  the  persons  of  those  who  had  made  and  used 
it, — but  in  an  effort  to  veritably  transfer  or  reproduce  these  designs  : 
so  that  in  studying  them  I  recognized  much  in  regard  to  the  totemic 
organization,  and  still  more  in  relation  to  the  mythic  concepts  of  their 
makers.  I  also  perceived  in  these^  significances  and  designs,  some  of 
which  correlated  perfectly  with  those  shown  on  the  paintings  of  Florida 
Indians  given  me  by  my  lamented  friend,  the  late  Doctor  G.  Brown 
Goode,  and  reproduced  from  water  colors  made  by  the  Limner  of  Lau- 
<lonnier's  Expedition  to  Florida  more  than  three  hundred  years  ago — 
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Ihe  finit  clear  evidence  thus  fiir  known  lo  ua,  of  IImI  klu«l  of  pemoutlk-n- 
linn-trAusfer  by  menns  of  Ulloo  or  palnl,  witli  whicU  primSUve  nrLuta 
seem  ever  to  have  sought  Ui  animate  Ihuir  own  paTticnlar  utciitilf^^fwl 
anil  water  vessels  especially — aad  to  thii"  rolsie  tlieta  iierBODBllv  lu 
theinsi>lvei.  And  I  cau  eaMy  say  thai  a  prolonged  study  of  tlic*c  ml- 
leutiuns,  so  strikingly  nnd  unnsoaHy  suggestive  in  this  reaped.  wouJiI 
throw  more  Itglit  upon  primitive  decorallons.  us  being  in  tlm  notur*  o( 
symbolic  invcsiurcs,  iiol  piiniarily  of  urtistic  ami  (vsihdlic  expre«»iua. 
than  any  others  yet.  bo  Tar  as  I  am  aware,  gathered. 

Thert^  was  n  fi'aturn  in  connection  with  these  Tarpon  Springs  au>l 
Anclotc  burial -moundB.  that  was  more  speciflo&lly  itignidcani  to  mr.  All 
of  them  were  surrounded  by  what  at  flrst  appeared  to  be  moaic.  K<:ca< 
valion  made  11  evident,  however,  that  In  case  of  at  leant  the  Saffonl  and 
Hojw  mounds,  these  em-irtUng  depressions  were  rather  tho  borders  of 
artificial  basins,  whirh  had  been  not  only  purposely,  but  al«>  uiiX 
laborious^,  hollowed  out,  and  in  Ihe  niidsi  of  which,  it  wa*  rlcat, 
the  mounds  had  been  built,  not  iit  once,  hut  in  stages,  correspond  I  ui;  lo 
successive  periods  of  internieni :  for  they  were  dlBtiociIjr  »trftti(l«i,  and 
moreover  tlie  remajna  in  the  lowermost  stmliun  occurred  at  a  depth 
greater  than  that  of  ilio  tnuck-fllled  bottoms  of  the  moat-IIke  ileprtyuiuii» 
surrounding  thum.  This  lak<s  mound  kind  of  burial  seemed  to  Indicate 
survival  of  key -dweller  modes  of  bunal^irncc  lu  spectflc  sIgDiflcauM 
to  me.  That  Is,  I  looked  upon  it  an  probahly  being  a  later,  an  Inlanil 
form  of  bone  deposition  in  iin  enclosed  water-,  or  lake-court — here  imi- 
tative, no  doubt— sni'h  a^  I  had  examined  at  Ellis'  Place  on  Sanybei 
Island.  Moreover,  tiie  "Hnnimocks"  or  inland  shell-heaps  or  canip- 
siics,  associated  with  thc^e  burial-mounds  of  Ihe  Tarpon  Springs  snO 
Anclote  region  likowi'*e  possessed  key-dweller  features:  in  the  earth- 
works, graded  ways,  artiticial  lakes  or  pond-holes,  and  canals  ustially 
contained  within  or  around  llieui ;  as  Ihough  these,  in  turn,  were  survi- 
vals of  or  were  copied  from  key-dweller  modes  of  settlement — Ihe  works 
of  successors  or  descendants  of  the  key  dwellers  following  out  here  in 
the  marshes  of  the  mainland,  their  characteristic — and  erstwhile  neces- 
sary— modes  of  building  and  settlement  in  the  shallow  seas.  From  all 
this  and  fr<mi  evidence  of  similar  survival  in  art  shown  abundantly  br 
the  collecliims  we  gathered  from  these  mounds  and  camp-siies  of  Ihe 
niirtherly  Gulf  region,  1  believed  that  a  bridge,  alike  in  time  and  in  an 
and  cultural  dcvelupmcnl,  might  he  established  between  the  prisliue 
key  dwellers  of  the  South,  as  exemplified  by  their  great  shell  structures, 
flsh  courts,  mound  terraces,  and  works  in  wood  and  sliell,  and  the  his- 
toric mound-building  Indians  not  only  of  northern  Florida,  but  also,  pos- 
sibly even  of  <inr  nearer  Southern  Stales — as  pictured  by  the  early 
chnmiclcrs — who  describe  them  as  having  been  settled  in  lowland 
villages  clustering  aronnd  mounds  or  pyramids  of  earth  that  were  sur- 
mounted by  leniples  and  other  public  buildings,  approached  by  canor 
channels  and  graded  wayn,  provided  with  Ush-ponds  or  lakes,  and  with 
temples  of  the  dead  seiiiiccicrcd  in  nearby  deep  forests  or  swamps. 
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The  Cruise  to  the  Ten  Thousand  Tjlands   and   Pbeliminabt 

Operations  at  Key  Marco. 

The  Silver  Spray  was  tardy  in  returning,  and,  withal,  had  to  be  over- 
haaled.  Thus  it  was  not  until  late  in  February  that  we  were  able  to 
fully  equip  her  and  get  under  way  for  the  southern  keys — explorations  in 
which  had  been  from  the  beginning,  the  main  object  of  the  Expedition. 
We  were  provided  with  provisions  for  two  months,  and  with  a  working 
outfit  which,  although  the  best  I  could  purchase  on  the  west  coast  of 
Florida,  would  have  proven  all  too  inadequate  but  for  the  kindness  of 
fViends  before  mentioned,  and  in  particular,  of  a  resident  of  your  city 
and  member  of  your  University  Archaeological  Association,  Mrs  Richard 
Levis,  who,  with  her  friend,  Mrs.  Qeorge  Inness,  was  passing  the  winter 
in  her  charming  place  at  Tarpon  Springs,  and  who  insisted  on  adding 
needed  supplies  to  our  limited  store,  and  little  comforts  to  our  else 
rather  barren  cabins.  We  had  reason  enough  to  be  grateful  to  them 
during  our  long  continued  stay  in  the  more  inaccessible  waters  of  the 
farther  South. 

In  addition  to  Mrs.  Gushing,  myself,  and  Messrs.  Sawyer,  Say  ford  and 
Bergmann,  my  crew  consisted  of  Antonio  Gomez,  Sailing-Master ; 
Thomas  Brady,  Mate  ;  Alfred  Hudson,  Robert  Clark  and  Frank  Barnes, 
Sailors  and  Excavators;  George  Gause,  Chief  Excavator;  George 
Hudson  (colored).  Cook;  George  Dorsett  (colored),  Steward;  and  I 
later  employed  John  Calhoun  continuously,  and  other  workmen,  from 
time  to  time,  to  assist  in  the  excavations.  I  make  mention  of  the  names 
of  these  men  in  order  to  express  appreciation  of  the  faithful  and  patient 
manner  in  which  they  performed  their  duties  and  assisted  me  throughout 
many  trying  days  of  labor  in  the  water-soaked,  foul-smelling  muck  and 
peat  beds  of  Marco  and  neighboring  keys.  My  acknowledgments  are 
especially  due  to  Gause,  young  Hudson,  and  Clark,  who  continually 
worked  in  the  muck  holes  side  by  side  with  Mr.  Bergmann  and  myself, 
and  to  whose  painstaking  care  and  attention  it  is  due  that  many  a  fragile 
treasure  was  saved  from  destruction. 

The  voyage  from  Tarpon  Springs  to  Marco,  including  a  stop  at  Pine 
Island  for  mail  and  for  taking  in  of  fuel  and  water,  occupied  less  than 
three  days,  and  as  there  was  a  steady  Gulf  breeze  and  the  tides  were 
unusually  high,  we  were  able  to  make  the  difficult  pass  into  Marco  Inlet 
without  hindrance.  There,  just  to  the  northeast  of  the  key,  we 
anchored  at  a  sufficient  distance  offshore  to  protect  us  measurably  from 
the  mosquitoes,  and  there  our  little  craft  rode  at  anchor  during  the  two 
montlis  occupied  in  the  excavations  and  in  my  various  expeditions  to 
surrounding  keys — for  these  were  made  in  a  light-draught,  double- 
sailed  sharpie,  that  had  been  fitted  up  and  generously  turned  over  for 
our  use  by  Mr.  Cheney. 

Immediately  on  arriving  at  Key  Marco,  I  made  arrangement' 
Captain  Collier  whereby,  in  return  for  saving  such  muck  as  we 
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turn  i>ver  in  our  excavations,  I  would  be  penuiUed  in  reUtln  all  nhJocU 
discovered,  andif  Lleeirable,  tu  eKpliiit  thelitis  triangular  "  Court  or  lite 
Pile  Dwellers"  from  border  In  bcirdcr.  It  lay.  as  I  have  eiiid.  close 
alongside  tlie  sea-wall  ai  the  snuthwestern  eilgc  of  tbe  key  auil  jwl 
below  a  BUccession  of  shell  beneUes.  themselvt's  romivrly  itbandvnc4 
auil  Alled-iip  courts  of  a  similar  character.  The  side  opposile  llie  >ra- 
wnll,  that  is  on  the  east,  was  formed  by  an  extended  ridge — ■carcel; 
k-HE  high  than  the  sea-wall  itself,  aud  Itkewiee  composed  of  well-coni' 
pacted  shells.  Around  the  upper  end,  and  down  the  outer  side  of  Thb 
Hdye,  led— as  indicated  in  plan.  Plate  XXSI— an  inlet  canal,  bordered 
by  Mmilar  ridges  beyond,  and  Joined  by  nu  outlet  canal  at  Ibe  lowir 
end — that  continued  through  various  low-banked  enclosures  in  the  uiku- 
grove  Bwamps  toward  the  smith,  'juite  down  to  the  termLnus  of  the  tct- 
wall  itself. 

The  entire  court  was  Ihickly  overgrown  with  mangrove  trees,  undet- 
neath  which  also  thickly  grew,  to  a  uniform  height  of  sis  or  eight  inclir^ 
bright  green  aquatic  weeds  and  mangrove  sbools.  Since  the  interior  of 
this  artificial  and  fillod-up  bayou  was  still  not  above  the  level  of  the 
surrounding  tide-swept  mangrove  swamps  through  which  ib«  canals  led. 
It  lay  almost  continually  under  water,  and  its  excavation  loolctnl  at  (Itsi 
to  be  almost  Impossible,  and  at  beat  a  most  fortnidablc  lindartaking.  It 
would  be  necessary  tu  cut  away  and  upmol  the  mangroves  auit  in  some 
way  to  remove  the  water  that  fliled  to  overflowing  the  excavntinns  which 
had  f.irmiTly  h.:-n  mn.!.-,  .mil  tliii;.  n.vercd  Ih.-  .  nllrc  courl.  T..  l.p-in.  I 
had  a  few  of  the  trees  cleared  away  from  the  outer  and  southwesterly  cor- 
ner, and  opposite  my  old  excnvalion  in  sections  34,  44,  bad  a  trench  cut 
through  the  sea-wall  to  as  gr<-itl  a  depth  as  possible  without  letting  water 
in  from  the  bay  outside,  I  then  had  a  long  trough  of  ship  planks  con- 
slnii'ted  and  placed  on  stakes  driven  deep  into  the  muck  bed.  so  that  opr 
end  rested  overthe  excavation  and  Ihe  other.  lower  end.  in  Ibe  mouth  of 
the  sluice-way  through  the  sea-wall.  Then  laying  heavy  jdanks  over  Ihe 
boggy  surface  to  furnish  foothold  for  the  men,  I  sel  them  ut  work  baling 
out  the  old  excavation  with  buckets.  It  was  at  first  like  trying  to  bale 
out  the  sea  itself,  for  water  flowed  in  as  fast  as  taken  out ;  but  after  two  or 
three  hours  of  steady  work,  it  began  to  lower,  nol  only  In  the  excavation, 
but  over  the  entire  court,  and  toward  evening  ll  became  )>ossible  to  even 
begin  the  extension  of  this  original  excavation  in  the  direction  of  the 
cleared  corner  of  the  court.  On  the  following  morning,  however,  there 
was  almost  as  much  water  in  the  excavation  thus  enlarged,  and  el^- 
where,  as  on  the  previous  day  ;  but  it  was  uiuch  sooner  dis|>osed  of  by 
Imling  and  by  the  banking  up  of  the  place  last  excavated,  and  I  soon 
found  that  by  thus  proceeding  each  morning  for  a  couple  of  hours  more 
or  less,  ibe  water  could  be  kept  sufllciently  low  to  enable  us.  working  in 
sections,  or  binsiisit  were  (roughly  corresponding  to  those  shown  in  Ihe 
plan),  to  excavate  the  entire  place.  Yet,  even  thus,  much  of  our  search 
in  the  lower  depths  bad  to  be  made  merely  by  feeling  with  the  fingers- 
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I  deem  it  uanecessary  to  give  further  details  of  our  operations,  save  to 
say  that  three  or  four  of  us  worked  side  by  side  in  each  section,  digging 
inch  by  inch,  and  foot  by  foot,  horizontally  through  the  muck  and  rich 
lower  strata,  standing  or  crouching  the  while  in  puddles  of  mud  and 
water  ;  and  as  tim3  went  on  we  were  pestered  morning  and  evening  by 
swarms  and  clouds  of  mosquitoes  and  sand-flies,  and  during  the  midhours 
of  the  day,  tormented  by  the  fierce  tropic  sun  heat,  pouring  down,  even 
thus  early  in  the  season  mto  this  little  shut-up  hollow  among  the  breath- 
less mangroves.  After  the  first  day's  work,  however,  I  was  left  no  longer 
in  doubt  as  to  the  unique  outcome  of  our  excavations,  or  as  to  the  desir- 
ability of  searching  through  the  entire  contents  of  the  court,  howsoever 
difl^cult  the  task  might  prove  to  be ;  for  relics  not  only  of  the  kind  already 
described,  but  of  new  and  even  more  interesting  varieties,  began  at  once 
to  be  found,  and  continued  to  be  found  increasingly  as  we  went  on  day 
after  day,  throughout  the  entire  five  weeks  of  our  work  in  this  one  little 
place.  I  may  be  permitted  to  add  that  never  in  all  my  life,  despite  the 
sufferings  this  labor  involved,  was  I  so  fascinated  with  or  interested  in 
anything  so  much,  as  in  the  finds  thus  daily  revealed.  Partaking  of  my 
enthusiasm,  the  men,  too,  soon  became  so  absorbed  that  they  actually 
hated  to  see  the  sun  go  down  and  to  thus  be  compelled  to  abandon  their 
work  even  until  the  coming  of  another  day. 

As  the  northwesterly  half  of  the  court  became  cleared  of  its  contents, 
and  the  bottom  was  thus  more  and  more  revealed,  we  found  that  it  was 
generally  concave,  orperhips  I  may  say,  tray-shaped;  that  is,  compara- 
tively shallow  at  the  sides — not  more  than  from  eighteen  inches  to  three 
feet  deep — but  throughout  the  middle  and  thence  toward  the  mouths  of 
the  two  canals,  from  four-and-a-half  to  five-and-a-half  feet  deep. 
Extending  along  the  bottom,  in  toward  this  central  deeper  portion,  from 
both  the  southwesterly  and  northwesterly  margins  at  about  equidistant 
intervals  of  twenty  feet,  were  several  straight,  low  benches  or  tongues, 
of  compacted  shell  and  tough  clay-marl  (shown  in  plan,  Plate  XXXI),  from 
twenty-five  to  thirty  feet  long  and  from  eight  to  twelve  feet  wide,  level 
on  top  and  built  to  a  height  gradually  increasing  from  a  few  inches, 
where  they  joined  the  boundary  banks,  to  nearly  two  feet  at  their  rounded 
ends,  so  as  to  form  low,  originally  submerged,  slightly  inclining  piers,  as 
it  were.  Along  the  opposite  or  eastern  side  was  a  similar,  although  con- 
tinuous bench,  uniformly  some  fifteen  feet  wide  from  its  rounded  upper 
end  just  below  the  mouth  of  the  inlet  canal,  to  a  point  about  thirty  feet 
below,  whence  it  gradually  narrowed  to  a  width  of  less  than  eight  feet 
at  its  lower  end  near  the  mouth  of  the  outlet  canal.  Finally,  across  the 
extreme  upper  end  or  corner  of  the  court,  that  is  just  to  the  left  of  and 
above  the  mouth  of  the  same  inlet  canal,  extended  a  like,  although  slightly 
wider  and  shorter  bench.  Thus  the  whole  central  portion  of  the  court, 
as  well  as  the  spaces  between  the  tongues  or  benches,  had  been  left 
open  and  deep,  as  if  for  the  free  passage  of  canoes.  Along  the  sides  and 
around  the  ends  of  these  in -reaching  benches  of  shell  a"'* 


LB  piles  ol  various  lengths,  all,  however.  cimpanilivclT  short, 
bluDt-pointed  si  llidr  lower  ends.  *n(1  either  »inared  or  otiw  nidet; 
notched  at  llielr  upper  ends — some  of  tli«m  slantingly  bored  down  (be 
sides— and  there  occurred  also  many  stakes  nod  timbers;  aalhongh  thvM 
benrlies  had  been  built  to  serve  actually  as  piers  or  thf^  rouudations  for 
long,  pile-aapported  quays  or  scaffolds;  U|K>a  which.  1  conchidrd— rrom 
Ihe  character  or  many  lesser  remains  that  we  conlinaally  found — had 
been  constructed,  side  hy  side  all  around  the  coun.  compsralircly  loog, 
narrow,  and  low.  thatched  and  latticed  houses.  At  any  r»lc  It  wac  ovm 
and  around  these  benches  that  the  principal  ftnds.  inclusive  of  nuracrunt 
household  articles,  wore  made. 

Tlic  surface  deposit  throughout  the  cntirn  court  consisted  nf  a  strainm 
of  spungy  black  or  dark  brown  muck,  permeated  by  both  rotting  and 
living  rootlets.  It  was,  as  shown  in  sectinn  on  Plain  XTCXI,  thin  at  the 
margins,  but  eighteen  or  twenty  inches  thick  throughout  the  middle. 
Below  this  was  a  somewhat  thicker  Btmtum  of  brownish  gray  peaty  marl, 
soft,  tremulous,  exceedingly  foul-amelling.  and  rich  iu  the  baei  presened 
ret!c«wc  discovered.  This  stratum  directly  overlaid  and  surrounded  ilie 
benches  I  have  described.  Finally  underneath  ii,  between  the  benchc* 
and  throughout  the  middle  of  the  court,  wae  a  less  well-deflued  layer  "f 
leas  peaty  mail,  intermixed  with  shells  and  other  dibrU.  and  also  villi 
abundant  ancient  remains — which.  Indeed,  we  continued  to  Hncouniei 
Kven  in  Ihe  underlying,  comparutirely  Arm  shell  and  clay-mnrl  fMitinm. 
This,  however,  although  nearly  a  foot  and  a  half  thick,  we  cimld  no! 
venture  lo  excavate,  since  Ihe  slightest  opening  made  through  it  into 
Ihc  sandy  reef  liclow  lot  in  a  steady  stream  of  water  from  the  sea. 

The  objects  found  by  us  in  thenc  deposits  were  in  various  conditions 
of  iireservatiun.  from  such  as  looked  fresh  and  almost  new.  to  such  as 
could  scarcely  be  traced  through  or  distiuguished  from  the  briny  peat 
mire  iu  which  Ihey  were  embedded.  They  consisted  of  wood,  conlage 
and  like  perishable  materials  associated  with  iniplenients  and  omampn1« 
of  more  enduring  substances,  such  iis  shell,  bone  and  horn— for  only  a 
few  shaped  of  stone  were  encountered  during  the  entire  search. 

Articles  of  wood  far  outnumbered  all  others.  I  was  astounded  to  soon 
find  that  many  of  these  had  been  painted  with  black,  white,  gray-blue. 
and  brownish-red  pignienla  ;  and  that  while  the  wood  itself  was  s> 
decayed  and  sof^  that  in  many  eases  It  was  dilHcult  to  distingnioh  ibt- 
filire  of  even  large  objccta  of  it,  either  by  si-^hl  or  by  touch,  from  the 
muck  and  peat  in  wliich  they  were  unc<|ual1y  distributed,  but  now  ninrr 
.irlufts  intcfjrjited;  yel  when  discoverable  in  lime  to  be  cautiously  nlcov 
eri'il  and  washed  off  liy  the  splashing  or  trickling  of  water  over  them 
rnini  a  spoiigi',  their  forn*  appeared  not  'only  almnsi  perfect,  but  also 
deieptivi'ly  well  preserved,  so  thai  I  at  first  thought  we  might,  with 
sulfuient  care,  recover  nearly  all  of  them  uninjured.  This  was  especi- 
»lly  true  of  such  us  had  been  decorated  with  the  pigments;  for  owing  lo 
tbi'  pri'seiici-  in  these  pigments  of  a  gum-like  and  comparatively  lonla- 
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ble  sizing,  the  coatings  of  color  were  often  relatively  better  preserved 
than  the  woody  substance  they  covered,  and  enabled  us  the  more  readily 
to  distinguish  the  outlines  of  these  painted  objects — when  else  some  had 
been  partially  destroyed  or  altogether  missed — and  also  enabled  us  to  take 
them  up  on  broad,  flat  shovels,  and  to  more  deliberately  divest  them  of 
the  muck  and  peat  that  so  closely  clung  to  them. 

Some  of  the  things  thus  recovered  could  be  preserved  by  very  slow 
drying,  but  it  soon  became  evident  that  by  far  the  greater  number  of 
them  could  not  be  kept  intact.  No  matter  how  perfect  they  were  at  first, 
they  warped,  shrunk,  split,  and  even  checked  across  the  grain,  like  old 
charcoal,  or  else  were  utterly  disintegrated  on  being  exposed  to  the  light 
and  air  if  only  for  a  few  hours.  Thus,  despite  the  fact  that  after  remov- 
ing the  surface  muck  from  the  sections,  we  dug  only  with  little  hand- 
trowels  and  flexible-pronged  garden  claws — and,  as  I  have  said  before, 
with  our  fingers — yet  fully  twenty-five  per  cent,  of  these  ancient  articles 
in  wood  and  other  vegetal  material  were  destroyed  in  the  search ;  and 
again,  of  those  found  and  removed,  not  more  than  one-half  retained 
their  original  forms  unaltered  for  more  than  a  few  days. 

Unique  to  archaeology  as  these  things  were,  it  was  distressing  to  feel 
that  even  by  merely  exposing  and  inspecting  them,  we  were  dooming  so 
many  of  them  to  destruction,  and  to  think  that  of  such  as  we  could  tem- 
porarily recover  only  the  half  could  be  preserved  as  permanent  examples 
of  primitive  art. 

I  sought  by  every  means  at  our  disposal  to  remedy  these  difiiculties, 
but  I  soon  found  that  the  time  thus  required,  and  the  cost  of  additional 
preservatives — ^if  such  could,  indeed,  be  found,  for  ordinary  glue,  shellac, 
and  silicate  of  soda,  proved  to  be  comparatively  inefficient — would 
increase  the  cost  of  our  operations  considei*ably  beyond  my  original 
estimates  upon  which  appropriation  had  been  made. 

In  this  extremity  I  wrote  to  Major  Powell,  asking  for  suggestions  as  to 
methods  for  preserving  our  finds,  and  at  the  same  time  to  Doctor  Pepper, 
urging  an  additional  appropriation.  I  was  loath  to  do  this,  being  well 
aware  that  the  funds  at  the  disposal  of  the  Department  he  represented 
■were  already  overtaxed  by  the  many  explorations  progressing  under  his 
direction  in  other  parts  of  the  world.  My  relief  of  mind  may  be  better 
imagined  than  described,  when  I  say  that  as  speedily  as  the  mails  could 
bring  a  letter  from  Doctor  Pepper,  he  assured  me  that  my  operations 
looking  toward  the  proper  completion  of  our  excavations  and  preserva- 
tion of  our  collections  would  be  supported  to  the  extent  required.  It 
was'uot  until  afterward  that  I  learned  bow  a  friend  whom  to  know  is  to 
honor  and  revere,  a  friend  to  education  and  scientific  research  and 
human  need  wherever  found,  Mrs.  Phebe  A.  Flearst,  had,  as  a  member 
of  the  Department  of  Archneology  and  Palieontology,  come  to  our  res- 
cue. The  gratification  I  feel  in  announcing  the  augmented  success  of 
our  researches,  thenceforward,  is  enhanced  by  the  thought  that  I  may 
here  say  how  much  this  success  was  due  to  her  instant  recognition  of  the 
promise  and  significance  of  our  finds. 
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Whilst  I  was  still  dwalting  reply  from  my  Director.  Major  J.  ff 
Powell,  and  wondering  as  to  the  jiosHible  outcome  of  our  undertakings— 
as  to  whether  the  extent  of  the  field  we  hod  opened  could,  wtifa  such  rel* 
Rtively  Imperfect  resultB  as  [  then  looked  for,  be  sufficiently  reprcBcnted  to 
the  Bcienlific  world  to  command  due  recognillou  of  its  signiflcance  etb* 
DugraphioUly,  I  was  happily  honored  hy  an  naannouDced  visit  from 
Major  Powell  himself.  Instead  of  replying  to  my  letter,  lie  had  immi-- 
diaiely  !«t  out  to  Tisit  us,  In  order  to  aid  penumatly  and  on  thi>  spot  in 
devising  means  for  the  preservation,  if  not  of  ilie  collections,  ai  least  of 
a  full  and  adequate  record  of  our  finds  and  discoveries.  I  had,  there- 
fore, the  combined  pleasure  and  advantage  of  exhibiting  to  him,  alike 
the  field  of  my  obserratioUB  and  the  results  of  our  reBearches  therein, 
and  of  gaining  from  him  the  approval  of  his  trusted  judgment  be  to  not 
only  these  resullB,  but  atao  as  lo  the  methods  wherehy  they  had  heen 
achieved. 

At  this  time,  however,  the  season  of  rain  and  excessive  heat  had  sirl 
Id,  rendering  it  certain  that  Ihe  days  of  the  CKpedilion  in  that  secnon 
were  tiiimberod.  Therefore  after  carefully  inspecting  our  colleciians. 
Key  Marco,  and  otlier  typical  shell  seltlementa  in  that  portion  nf  ths 
Tun  Thousand  Islands.  Major  Powell  urgently  counseled  me  to  confine 
Opemtions  thenceforward  to  the  completion  of  cscavalioos  in  this  one 
little  eonrt  of  the  pile  dwellers,  and  therewith  to  close  for  the  Beasou  a 
work  wtiich  he  again  assured  me  was  of  unnsQal  archieologic  aignilicnnrc 
and  eapsMe,  he  believed,  of  itideftnilc  exlenfion. 

Thns  aided  and  encouraged  by  my  superiors,  I  persisted,  notwithstand- 
ing the  more  or  less  destructive  nature  of  our  researches,  if  only  in  order 
that  we  mij^ht  secure  the  fullest  possible  data.  Fortunately  we  were  In 
the  end  able  not  only  to  enlarge  and  complete  our  collections  of  photo- 
graphic records,  sketches,  surveys  and  other  field  memoranda,  but  also 
lo  secure  and  bring  aivay,  in  measurably  good  condition,  more  than  a 
thousand  of  these  precious  examples  of  prehistoric  art  in  perishable 
materials,  not  to  mention  many  hundreds  of  examples  in  more  durable 
substances  such  as  shell,  bone  and  horn. 

I  must  further  state  that  the  various  ancient  artifacts  we  foand  in  the 
muck,  occurred  at  unequal  depths  and  in  all  sorts  of  positlous  and  rela- 
tions. There  were  a  few  groups  of  utensils,  for  example,  that  obviously 
belonged  together,  like  mortar  cups  and  ])estleB,  and  sets  of  tools  that 
were  still  associated  ;  and  there  were  also  some  few  bundles  or  packs  of 
ceremonial  objects,  apparently,  which  when  found  still  remained  almost 
Intact;  that  is,  their  wrappings  of  reed  matting,  or  neat  swalhings  of 
flag  or  palmetto  leaves  still,  looked  fresh,  actually  green,  in  some  cases : 
but  on  close  examination  they  proved  always  to  be  pulpy  with  decay 
and  impossible  of  removal.  These  packs  and  assemblages  or  bunches  of 
related  things,  however,  did  not  present  the  appearance  of  deliberttte 
deposition.  They  looked  as  though  they  had  fallen  and  sunketi  where 
we  found  them — some  being  upside  down — as  though  they  had  been 
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hanging,  or  else  lying,  tucked  away  in  the  houses  or  on  the  scaffolds 
above,  and  had  been  washed  out  from  or  off  of  them  into  the  water 
alongside  and  below,  had  become  water-logged  and  had  gradually  been 
covered  by  mud  and  other  debris  and  by  the  vegetal  and  other  deposits 
we  found  them  in. 

By  far  the  greater  number  of  objects  were,  however,  promiscuously 
scattered — although,  as  I  have  said,  more  abundant  between  and  around 
the  ends  or  along  the  edges  of  the  low,  submerged  benches  I  have 
described,  than  elsewhere.  Not  a  few  of  them — and  this  was  especially 
the  case  with  long  and  originally  more  or  less  fragile  articles  like  spear- 
shafts  and  stays — appeared  to  have  been  broken  in  falling.  Occasionally 
we  found  fragments  separated  by  considerable  distance  which,  when 
brought  together,  fitted  perfectly.  Not  a  few  of  the  piles  were  thus 
broken,  and  many  of  the  lesser  timbers ;  while  larger  timbers,  like  the 
comparatively  gigantic  sill,  which  lay  along  the  edge  of  the  northern 
bench  (in  sections  29,  39,  40),  were  absolutely  intact.  They  were  ex- 
cellent examples  of  primitive  joinery ;  yet  so  soft  and  pulpy,  as  a  rule, 
that  on  account  of  their  great  size  and  weight,  we  were  unable  to  bring 
them  away,  or  even,  without  destroying,  to  disturb  them.  Some  of  the 
broad,  fic^t,  notched  staves — which  I  judged  from  considerations  later 
offered  had  been  used  as  symbolic  ancestral  tablets,  probably  attached  to 
the  gables  of  houses,  or  set  up  in  altars — were  lying  on  their  edges; 
while  flat  boards  sometimes  stood  on  end,  and  other  long,  slender  articles, 
stood  slantingly  upward,  the  lowermost  ends  or  edges  firmly  stuck  in 
the  clay-marl  of  the  bottom.  This  was  the  case,  for  example,  with  the 
beautifully  shaped  and  pointed  paddle  which  we  found  near  the  mouth 
of  the  upper  or  inlet  canal.  Its  sharp  point  was  slantingly  and  deeply 
embedded  in  the  mud,  while  its  long  liandle  reached  obliquely  up  nearly 
to  the  surface  of  the  muck,  and  was  there,  as  may  be  seen  by  examina- 
tion of  the  specimen  itself  (or  of  Fig.  8,  in  Plate  XXXII),  burned  ofi 
slantingly  on  a  line  that  must  have  corresponded  to  the  original  level  of 
the  water,  for  at  this  point  otlier  charred  specimens  occurred,  as  though 
here  fire  had  added  its  destnictiveness  to  the  storm  that  demolished  the 
buildings  or  scaffolds  from  which  all  these  things  seemed  to  have  fallen. 

From  the  fact  that  many  of  the  objects  lay  suspended,  as  it  were,  in 
the  mud  above  the  bottom.  I  judged  that  when  these  remains  were 
thrown  down  into  the  little  water  court,  the  spaces  between  the  liouse- 
benches  and  around  the  borders  of  the  quays  at  least,  must  have  been 
already  choked  up  somewhat  with  debrii  or  refuse  and  slime  or  mud  ; 
for  out  in  the  middle  of  the  court  where  the  deep  open  space  occurred 
throughout  the  cliannel  between  the  two  canals.  little  was  found  in  the 
way  of  art  remains,  except  such  as  lay  directly  upon,  or  verj-  near  to,  the 
bottom. 

It  may  be  seen  that  by  a  study  of  the  distribution  of  the*e  rfniains  it 
was  easy  to  determine  what  had  been  the  orijrinal  average  df  pih  of  the 
water  within  the  court,  oral  any  rate,  its  depth  at  the  time  when  these 
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Iliinp  round  Ihoir  way  into  it,  nnd  tu  detpruiiae  also  nuinf  utUer  ttm- 
tiirc^a  Df  Ihe  place,  iolerestiag  ub  deUila  and  lmpnrt«nt  tun,  u  suNtnoti- 
ating  rariuuB  inferences  I  have  ventured  lu  give  above.    UutasacarafU   | 
study  of  tbe  collections  therasrlres  rcposta  tu  n  great  extent  IhU  sUttJiS 
of  our  field  observations.  I  will  make  liasle  to  preseut  a  ileKrlpttna 
nccaiint  of  the  various  clasBes  of  iliesc.  t 

Akcikkt  Abtifactb  from  the  Cocht  of  tbe  Pilk  Dwhuliuu). 

P4Iet,  Timber*.  tU. — None  of  the  piles  found  by  us  exceeded  six  and 
a  hair  feet  in  lengtU.  Indeed,  the  greater  numlicr  of  them  were  1«b 
than  three  and  a  half  feet  lonR.  These  Bhorter  piles  won?  nearly  al  wsji 
made  of  palmetto  wood,  were  not  round,  but  broad,  or  suniewbal  tlal- 
lencd,  aliUongh  the  edges  were  rounded.  They  were  tapurrd  toward  the 
bottom  and  bluntly  pointed,  rudely  squared  or  hollowed  out  at  the  tops 
as  thongh  to  support  round,  horizontal  tlniliere  ;  nod  they  were  borrd  or 
notched  slantingly  here  and  there  Ihrougli  the  edges,  as  though  for  Iht 
reception  of  rounded  braces  or  cross'Slays  of  poles  or  saplings,  nbnndani 
pieces  of  which  wore  found.  Some  of  the  piles  were  worn  at  the  poin" 
or  lower  ends,  as  though  they  had  rested  upon,  l>ut  had  not  been  drivea 
into,  the  solid  shell  and  day-tnarl  benches.  They  had  appari^nilj,  on 
the  contrary,  been  quite  rigidly  fastened  lo  the  lioriznnial  titnbet«  or 
frameworks  of  Ihe  quays  or  scaffoldsthey  heldup — bytupansof  tlie  ftay- 
Rlii'ks — Hlte  pegs  or  pointed  feet,  so  that  as  long  as  the  water  remainni 
low,  they  would  support  these  house  scaffolds  above  it,  as  well  as  if 
driven  into  the  benches,  but  when  the  waters  rose,  the  entire  siruclurra 
would  also  slightly  rise,  or  at  any  rale  not  be  violently  wrenched  from 
their  supports,  as  would  inevitably  have  been  the  case  had  these  been 
firmly  fixed  below.  The  longer  piles  were,  on  Ihe  contrary,  round. 
They  were  somewhat  smaller,  quite  smoothly  finished,  and  had  been,  if 
one  might  judge  by  their  more  pointed  and  yet  roughened  or  frayed 
appearance  at  lioih  ends,  actually  driven  into  tbe  bottom.  It  therefore 
appeared  to  me  that  they  had  been  made  so  as  to  be  thus  driven  into 
the  edges  of  the  benches  at  cither  side  of  the  peg-supported  platforms, 
in  order  to  keep  these  from  swerving  in  case  an  unusual  rise  in  the 
waters  caused  them  lo  float.  There  were  other  pieces  equally  long,  bnt 
broken  off  near  Iheir  points.  They  were  sHghlly  grooved  at  the  upper 
ends  and  tied  anmnd  with  thick,  well-twisted  ropes  or  cables  made  of 
cypress  bark  and  palmetto  fibre,  as  though  they  had  served  aa  mooring- 
posts,  probably  for  the  farther  securing  of  the  ends  of  the  partially 
movable  platforms— else  they  had  not  been  so  violently  wrenched  as  to 
break  them  at  the  points — for  .some  of  them  were  more  iban  four  incbes 
in  diameter,  and  were  made  of  tough  mangrove  and  buttonwuod  or  iron- 
wood.  The  side -posts  or  stay-slaltes  were,  on  the  contrary,  of  sprnce 
or  pine,  and  were,  as  I  have  said,  finished  to  a  nicety,  as  though  to 
offer  no  resistance  to  the  rise  and  fall  of  tbe  big,  partially  floating  quays 
between  them.    Around  the  great  log  or  sill  of  cypress,  mentioned  as 
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lying  along  the  edge  of  the  northern  bench  (it  was  uniformly  nine 
inches  in  diameter,  fourteen  feet  eleven  inches  in  length,  carefully 
shaved  to  shape  and  finished  evidently  with  shark- tooth  blades  and  shell 
scrapers,  and  was  moreover,  like  the  piles,  socketed  and  notched  or 
bored  along  its  sides)  were  many  of  these  piles,  both  short  and  long ; 
and  overlying  the  sill,  as  well  as  on  either  side  of  it,  I  found  abundant 
broken  timbers,  poles,  and  traces  of  wattled  cane  matting  as  well  as 
quantities  of  interlaced  or  latticed  saplings — laths  evidently,  for  they 
seemed  to  have  been  plastered  with  a  clay  and  ash  cement — and  quantities 
also  of  yellow  marsh-grass  thatch,  some  of  it  alluringly  fresh,  other 
portions  burnt  to  black  masses  of  cinder.  Here  and  elsewhere  along 
the  edges  of  the  benches  occurred  fire-hardened  cement  or  mud  hearth- 
plastering,  mingled  with  ashes  and  charcoal — which  indeed  occurred 
more  or  less  abundantly  everywhere,  together  with  refuse,  consisting 
not  only  of  broken  and  sometimes  scorched  animal  bones  and  shells, 
but  also  of  the  charred  remains  of  vegetable  and  fruit  foods.  Among 
these  remains  and  the  more  artificial  objects  that  were  associated  with 
them  we  continually  encountered  incipient  or  unfinished  pieces — 
blocked -out  trays  or  toy  canoes,  untrimmed  adze  and  axe  handles, 
uncompleted  tablets,  etc.,  and  all  this  evidenced  to  me  that  the  place 
was  indeed  a  site  of  former  daily  occupation. 

Furniture,  etc, — Here  and  there  were  found  curious  wooden  seats — 
more  or  less  like  ancient  Antillean  stools,  as  may  be  seen  in  Fig. 
7,  PI.  XXXIV — flat  slabs  of  wood  from  a  foot  to  more  than 
two  feet  in  length,  slightly  hollowed  on  top  from  end  to  end 
as  well  as  from  side  to  side,  with  rounded  bottoms  and  substan- 
tial; prong-like  pairs  of  feet  near  either  end,  from  two  to  three 
inches  long.  Some  of  these  stools  had  the  feet  level  ;  others,  so  spread 
and  beveled  that  they  would  exactly  fit  the  hollow  bottoms  of  canoes. 
Others  still  were  smaller  than  those  I  have  mentioned,  so  diminutive,  in 
fact,  that  they  could  have  served  no  purpose  else,  it  seemed  to  me, 
than  that  of  head-rests  or  pillow-supports.  We  found,  indeed,  although 
we  were  unable  to  preserve  any  of  them,  examples  of  what  might  have 
been  the  pillows  used  in  connection  with  these  rests.  They  were  taper- 
ingly  cylindrical,  made  of  fine  rushes,  and  showed  a  continuous  four-ply 
plat,  so  that,  like  cassava  strainers,  they  were  flexible  and  compressible, 
yet  springy,  and  they  had  probably  been  filled  with  Florida  moss  or 
deer  hair,  which  filling  had,  however,  long  since  disappeared  save  for  a 
mushy  residuum.  Portions  of  mats,  some  thick,  as  though  for  use  as  rugs, 
others  enveloping  various  objects,  and  others  still  of  shredded  bark  in 
strips  so  thin  and  flat  and  closely  platted  that  they  might  well  have 
served  as  sails,  were  frequently  discovered.  Yet  except  for  masses  of 
the  peat  or  mud  upon  which  the  remains  of  this  matting  lay  and  which 
therefore  when  dry  showed  traces  of  its  beautifully  and  variously  formed 
plies,  naught  of  them  could  be  preserved.  It  was  obvious,  however, 
that  the  peoples  who  had  inhabited  the  court  understood  well,  not  only 
platting,  but  weaving  and  basketry-making  too. 
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Poll f ry  ii  lid  Utemilt. — A  few  examples  of  pgtteiy  were  liiscorcreJ  Ij'tag  j 
Always  DO  or  near  the  bottom,  and  with  one  exception  invaiiahl;  hrolceB. 
All  iif  these  vessels,  notwiihstanding  the  fact  ihat  some  of  them  bad  U 
rim  A  more  or  less  decorated,  stiowed  evidence  of  having  hcpn 
cooking  bowlB  or  pots.  Associated  wUh  Ihcm  were  household  ucenail*- 
spoons  made  from  bivalves,  ladles  made  from  the  greati-r  halves  ■ 
lowed-oat  well-grown  conch  shells;  and  mix.  bowls,  trays  and  n 
of  wfiod.  These  latter  were  in  greatest  variety  and  abundance, 
ranged  in  site  from  little  hemisphericnl  bowls  or  cups  two  and  a  I 
three  inches  in  diameter,  to  great  cypress  tubs  more  than  two  feet  li 
depth,  tapering.  Ha  I -bottomed,  and  corregpondingly  wide  nt  the  i 
The  small  IT  morlnr-cnps  were  marvels  of  beniiiy  and  flnlsli  an  a 
and  lying  near  them  and  somotimeF'  even  wttltin  them,  were  still  fi 
Uieir  appropriate  pestles  or  cnishcrs~~ns  Is  shown  In  Pig.  ,'i.  P|,.1 
XXXIV.  The  smaller  mortars  and  pMtleft.  like  the  one  illustrate^ 
memed  to  have  been  personal  projierly.  us  tliougli  they  had  btlongi'it  U 
individuals  and  had  been  nsed  in  the  crushing  of  barnes  and  tnlmn, 
and  perhaps  cnnli-root ;  as  well  as  ta  other  ways,  that  is.  In  iho  s«rTic«. 
ralbur  than  merely  in  the  general  preparation,  of  food. 

The  trays  were  also  very  numerniis  and  exceedingly  iul«re»tiag; 
comparatively  shallow,  oval  in  onlUne  and  varying  frtim  a  lungth  of  «lx 
and  a  lialf  or  seven  Inches  and  a  width  of  foiir  or  flvr  Tnchea,  lo  a  length 
of  not  less  than  live  feel  and  a  width  of  (|uite  two  feet.  The  ends  of 
these  Iniys  were  narrowed  and  Iriincnted  to  form  tiandles.  the  upper 
faces  of  which  were  usually  decorated  with  neatly  cut-in  disc-like  or 
semilunar  figures  or  depressions.  Looking  at  the  whole  series  of  tbem 
securer!  by  us — no  fi'wer  than  thirty  in  all — I  was  iiupressed  with  their 
general  resemblance  to  canoes.  Ihcir  almost  obvious  derivation  from  such, 
as  though  through  a  sort  of  technologic  inheritance  they  had  descended 
from  the  vessels  which  had  lirotight  not  only  the  first  food,  and  the  first 
supplies  of  water,  lo  Ibcse  outlying  keys,  but  also  (be  tirsl  dwellen 
thereon  as  well. 

Niiciiiiiihiij  Appiinii'ii  It  ml  Fi»hiiitj  Goir.  —  This  inference  was 
slrengtbcncil  liy  the  discover;-  here  and  there  of  actual  toy  canoea. 
That  they  had  been  designed  as  toys  was  evident  fn>m  the  fact  that 
some  wcri'  not  only  well  finished,  but  considerably  worn  by  use. 
There  were  six  or  seven  of  these,  and  while  they  generally  con- 
formed to  ii  single  type,  thai  is  the  dugout,  they  ditlered  very  materially 
in  detail.  Tbrt't-  of  tlieui  were  comparatively  flat -bottomed.  One,  about 
five  inches  in  length  by  two  in  breadth  of  beam  and  an  inch  in  depth, 
was  shiipcil  precisely  like  a  neat  punt  or  flat-bottomed  row  boat — Fig.  7, 
PI.  XXXII,  Hotbcnds  were  somewhat  s<|uared,  but  the  stern  was  wider 
than  the  prow,  and  above  the  stern  was  a  little  protuberance,  indicating 
that  ^lll'h  liail  Uei'n  uii-ii  in  guiding,  and  perhaps  as  well  in  sculling,  little 
ligtit  draughl  vessels  like  this,  obviously  designed,  my  sailors  thought,  for 
the  navigation  of  shallow  streams,  inlets,  bayous,  and  the  canals.     An- 
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Other  of  these  flat-bottomed  little  toy  boats  was  much  sharper  and  higher 
at  the  stem  and  stern,  had  very  low  gunwales,  and  was  generally  narrower 
in  proportion  to  its  length,  and  enlarged  would  have  been  admirably 
adapted  to  swifl  tidal  currents,  or  to  the  running  of  low  breakers.  Yet 
another  looked  like  a  clumsy  craft  for  the  bearing  over  shoals  of,heavy 
loads  or  burdens.  It  was  comparatively  wide,  and  its  ends  also  quite 
broad.  All  except  one  of  these,  I  observed,  were  decorated  at  one 
end  or  both,  with  the  same  sort  of  semilunar  or  disc-like  devices,  that 
were  observable  on  the  trays — as  may  be  seen  by  an  examination  of 
Fig,  6,  PI.  XXXII.  Two  others  of  the  toy  canoes  (one  of  which 
is  here  figured  as  just  referred  to)  were  not  more  than  three  inches  broad 
by  nearly  two  feet  in  length,  gracefully  and  slenderly  formed,  tapered 
cleanly  toward  the  forward  ends,  which  were  high  and  very  narrow,  yet 
square  at  the  sterns,  which  were  also  high.  We  found  them  almost  in 
juxtaposition  near  the  midmost  of  the  western  benches.  Little  sticks 
and  slight  shreds  of  twisted  bark  were  lying  across  them  and  indicated 
to  me  that  they  had  once  been  lashed  together,  and,  as  a  more  finished 
and  broken  spar-like  shaft  lay  near  by,  I  was  inclined  to  believe  that 
they  represented  the  sea-going  craft  of  the  ancient  people  here  ;  that  the 
vessels  in  which  these  people  had  navigated  the  high  seas  had  been  made 
double — of  canoes  lashed  together,  catamaran  fashion — and  propelled  not 
only  with  paddles,  but  also,  perhaps,  by  means  of  sails,  made  probably 
from  the  thin  two-ply  kind  of  bark  matting  I  have  before  described,  of 
which  there  w^ere  abundant  traces  near  the  midchannel,  associated  with 
cordage  and  with  a  beautifully  regular,  much  worn  and  polished  spar. 
At  any  rate,  the  natives  of  these  South  Florida  seas  and  of  the  West 
Indies  are  mentioned  by  early  writers  as  having  navigated  fearlessly 
in  their  cypress  canoes ;  as  having  sometimes  crossed  the  Gulf  itself, 
and  as  having  used  in  these  long  cruises  sails  of  some  simple  sort. 
Jonathan  Dickinson,  in  his  quaint  volume  entitled  God*8  Protecting  Provi- 
dence Man's  Surest  Help  and  Defence,  etc. — one  of  the  first  books  pub- 
lished in  this  city,  by  the  way — narrates  how,  just  two  hundred  years 
ago,  he  and  his  companion  voyagers  were  shipwrecked  on  the  Florida 
Gulf  shore.  He  clearly  describes  such  a  double  canoe  as  we  found  the 
toy  remains  of,  when  he  tells  how  a  Cacique,  into  whose  hands  they  fell, 
went  to  wrest  back  the  plunder  that  had  been  taken  from  them  by 
earlier  captors.  The  Cacique — to  quote  the  author  freely — came  home  in 
great  state  He  was  nearly  nude  and  triumphantly  painted  red,  and 
sitting  cross-legged  on  their  ship's  chest,  that  stood  on  a  platform  midway 
over  two  canoes  lashed  together  itith  poles.  He  maintained  a  fierce  ex- 
pression of  countenance  and  looked  neither  to  the  left  nor  to  the  right, 
bat  merely  exclaimed  "  wow  "  when  they  greeted  him  from  the  shore  ; 
and,  after  landing,  proceeded — the  author  adds  rather  ruefully — to  ap- 
propriate the  contents  of  the  chest  to  himself. 

Two  tackle-blocks,  real  prehistoric  pulleys,  that  we  found,  may  have 
pertained  to  such  canoes  as  these.     Each  was  three  inches  long,  oval, 
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one  aide  rounded,  Ibe  other  cut  in  at  the  edges,  or  rabbcttud  *o  to  »f . 
The  tedon-likc  purtiun  was  ^uged  out  midwuy,  trBitsveraely  pii^rced. 
And  furnished  with  a  smi>oth  peg  ur  pivot  uver  wbtcli  the  oordsge 
turned.  I  have  already  mentioned  the  fludiug  of  a  paJdlc  De«r  rtie 
mouth  of  liie  inlet  canal— which  is  nhown  in  Fig.  8.  !*1.  XXXII. 
Il  was  ueatly  shaped,  the  habdie  round  and  lengthy.  altUougb 
burned  ofT  at  the  end,  and  the  blade  also  long,  Itmf-sluipcil.  and 
tapered  to  a  «harp  point,  convex  or  beveled  on  one  side,  flat  or 
slightly  spooned  or  concave  on  the  other.  The  epliniorod  guoiralet 
and  a  portion  of  the  prow  of  a  long,  light  cypresa-wood  canoe,  anil 
various  fragnientB  of  a  large  but  clumsier  boat  of  somn  itotX  tpon^ 
kind  of  wood — gunibo-liiubo,  probably — were  found  down  toward  the 
middle  of  the  court.  Not  far  from  the  remains  uf  these  I  came  acrosa  an 
Ingenious  anchor.  It  consiglcd  of  s  bunch  of  large  triton-shelln  roughly 
pierced  and  lashed  together  with  tightly  twisted  cords  of  bftrk  luid  Itbre 
so  iliat  the  long,  spike-like  ends  stood  out  railiatlngly.  like  the  points  of 
n  star.  They  had  all  been  packed  fUU  of  sand  and  cement,  bo  as  to 
render  them,  thus  bunched,  auffleieutly  heavy  to  hold  a  good-sized  boat. 
Near  the  lower  edge  of  the  eastern  bench  lay  another  anclior.  Il  vu 
made  of  tlat,  heart-shaped  stones,  similarly  perforated  and  so  tied  uul 
oemented  together  with  fibre  and  a  kind  of  red  vegetable  gum  and  laad, 
that  the  points  stood  out  radiatingly  in  precisely  the  Kame  manuer.  TM 
another  anclior  was  formed  from  a  single  boulder  of  cnraline  limestont 
a  foot  in  diameter.  Partly  by  nature,  more  by  art,  it  was  shaped  to  re- 
semble the  head  of  a  porpoise  perforated  for  attachment  al  the  eye- 
sockets.  Balers  made  from  large  conch  shells  crushed  in  at  one  side, 
or  of  wood,  shovel  siiajjed,  or  else  scoop  shaped,  with  bandies  turned  in. 
were  almndiinl ;  as  were  also  nets  of  lough  fibre,  both  coarse  and  fine. 
knitted  quite  as  is  the  common  netting  of  our  own  flshernian  to-day.  in 
form  of  flne-mcshed.  square  dip-nets,  iind  of  coarse- meshed,  compara- 
tively large  and  long  gill-nels  To  the  lower  edges  of  these,  suikers 
made  from  thick,  roughly  perforated  umboidal  bivalves,  tied  together  in 
bunches,  or  else  from  chipped  and  notched  fragments  of  heavy  clam 
sheila,  were  attached,  while  to  the  upper  edges,  floats  made  tVom  gourds, 
held  in  place  by  fine  net-lashings,  or  else  from  long  sticks  or  square- 
ended  blocks,  were  fastened.  Around  the  avenues  of  the  coun  I  was 
interested  I o  find  netting  of  coarser  cordage  weighted  with  unusuallv 
large-sized  or  else  heavily  bundled  sinkers  of  shell,  and  supplied  at  the 
upper  edges  with  long,  delicately  tapered  gumbu-limbo  float-pegs,  those 
of  eaebsct  e(|Ual  in  siite.  each  peg  (hereof  partially  split  at  ihc  larger  end, 
so  as  to  clamp  double  half-turns  or  ingeniously  knotted  hitches  of  the 
neatly  twisted  edges-cords  with  which  all  were  made  fast  to  the  net& 
Now  these  float  pegs,  of  which  many  sets  were  secured,  varying  from 
three  and  a  half  to  eight  inches  in  length  of  pegs,  were  so  placed  oo 
the  nets,  that  in  conscqui-ucc  of  their  tapering  forms  they  would  turn 
against  the  current  of  llie  tide  whichever  way  it  flowed,  and  would  coo- 
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tinuously  bob  up  and  down  on  the  ripples,  however  slight  these  were,  in 
such  manner  as  to  frighten  the  fish  that  had  been  driven,  or  had  passed 
over  them  at  high  tide,  when,  as  the  tide  lowered,  they  naturally  tried 
to  follow  it.  In  connection  with  these  nets  we  found  riven  stays,  usu- 
ally of  cypress  or  pine,  such  as  might  have  been  used  in  holding  them 
upright.  Hence  I  inferred  that  they  had  been  stretched  across  the  chan- 
nels not  only  of  the  actual  water  courts  of  residence,  like  this,  but,  prob- 
ably also,  of  the  surrounding  flsh-pounds  ;  and  if  so,  that  the  supply  of 
fresh  fish  must  always  have  been  abundant  with  the  ancient  inhabitants, 
both  near  at  hand  in  these  enclosures,  as  well  as  even  among  the  quays 
of  the  actual  residence  courts. 

We  found  four  or  five  fish-hooks.  The  shanks  or  stems  of  these  were 
about  three  inches  long,  shaped  much  like  those  of  our  own,  but  made 
from  the  conveniently  curved  main  branches  of  the  forked  twigs  of  some 
(ough  springy  kind  of  wood.  These  were  cut  off  at  the  forks  in  such 
manner  as  to  leave  a  portion  of  the  stems  to  serve  as  butts,  which  were 
girdled  and  notched  in,  so  that  the  sharp,  barbed  points  of  deer  bone, 
which  were  about  half  as  long  as  the  shanks  and  leaned  in  toward 
them,  could  be  firmly  attached  with  sinew  and  black  rubber-gum  ce- 
ment. The  stems  were  neatly  tapered  toward  the  upper  ends,  which 
terminated  in  slight  knobs,  and  to  these,  lines — so  fine  that  only  traces 
of  them  could  be  recovered — were  tied  by  half-hitches,  like  the  turns  of 
a  bow  string.  Little  plug-shaped  floats  of  gumbo-limbo  wood,  and 
sinkers  made  from  the  short  thick  columellae  of  turbinella  shells — not 
shaped  and  polished  like  the  highly  finished  plummet-shaped  pendants 
we  secured  in  great  numbers,  but  with  the  whorls  merely  battered  oflf — 
seemed  to  have  been  used  with  these  hooks  and  lines.  That  they  were 
designed  for  deep-sea  fishing  was  indicated  by  the  occurrence  of  flat 
reels  or  spools  shaped  precisely  like  fine-toothed  combs  divested  of  their 
inner  teeth  There  were  also  shuttles  or  skein -holders  of  hard  wood, 
six  or  seven  inches  long,  with  wide  semicircular  crotches  at  the  ends. 
But  these  may  have  served  in  connection  with  a  double  kind  of  barb, 
made  from  two  notched  or  hooked  crochet-like  points  or  prongs  of  deer 
bone,  that  we  found  attached  with  fibre  cords  to  a  concave  round-ended 
plate,  an  inch  wide  and  three  inches  long,  made  from  the  pearly  nacre 
of  a  pinna  shell.  Since  several  of  these  shining,  ovoid  plates  were  pro- 
cured. I  regarded  them  as  possibly  "baiting-spoons,"  and  this  one  with 
the  barbed  contrivance,  as  some  kind  of  trolling  gear,  though  it  may,  as 
the  sailors  thought,  have  been  a  "pair  of  grains,"  or  may,  like  the 
hook  proper,  have  been  used  for  deep-sea  fishing.  Aside  from  these 
few  articles,  no  other  fishing  tackle  for  use  in  the  open  waters  was 
found ;  barbed  harpoons  being  conspicuously  absent.  This  led  to  the 
supposition  that  the  ancient  inhabitants  had  depended  chiefly  upon  the 
pounds  and  water  courts,  whence  with  their  nets  they  could  at  any  time 
have  readily  drawn  greater  numbers  of  the  fish  for  their  supply. 

Tools  and  Implements. — The  working  parts  of  the  various  instruments 
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or  tmndicrafl  iliat  we  fuand  nttre  not  of  Btuuc,  bat  aJmosi  rsclutriTeljr 
of  liardorpHnic  substances— shell,  boue,  liorn,  Mtl  loeib— prlndptlly 
those  of  sharks — with  their  various  kinds  o(  wooden  uji  purl  eon  now  ot 
hnftinga,  aometimeB  iutact,  sometimes  merely  iudicatcd  hy  Ibc  prt»cncc 
of  fragmeots  or  traces — dietiacl  eonugb.  but  too  ofleii  whuUy  UD- 
recovemble.  In  uiosl  cHses  these  diverse  parts  were  slill  in  Iheir  orLgi- 
nnl  relntiou  to  one  auother.  allbougli,  as  a  rule,  llio  luefaings  by  wbicli 
Ihcy  had  been  bound  together— having  conaisted,  M  could  plainly  be 
seen  by  impressions  U'R  even  in  (he  siurounding  mud,  of  ram-lude 
thongs  or  of  twisted  sinew  or  fishgul— had  wholly  dissolved,  or  cU«  re- 
mained merely  as  a  ilublous  sort  of  gelatinous  muse  or  slime.  Such  bloct- 
mgs  had,  however,  in  many  instances  been  reinforced  with  comenlsiof 
one  kind  or  another— a  sticky  red  substance,  the  stain  only  of  whicli 
rt-mained — or  else  rubber-gam.  asphalium,  or  a  combtnaUon  of  roiilo  and 
beeswax  and  rubber,  which  still  endured  and  retained  perfi-'Ci  impriNi- 
siuns  of  the  fastening  cords,  whether  roaree  Ihongs  or  liiir-ly  Iwistui 

We  exercised  great  caution  in  keeping  related  |]arte  logotbor,  tud 
succeeded  thus  in  recovenng  quite  a  number  of  examples  of  each  ofllte 
many  types  most  characl eristic  of  the  technical  arts  of  Ihe  keys. 

liHrge  clam  shells,  deeply  worn  at  the  baclu,  as  well  as  &ho«iBf 
uinch  use  at  the  edges,  seemed  to  have  served  both  as  acrapert  and  w 
digging  implements  or  hoes;  for  some  of  them  had  been  hafled  by 
clumping  curved  •'tir:k«  over  tbc  hiniiP  and  over  iIr'  poiiii  ,it  Ihe  spcs  or 
umbo — where  it  showed  wear— precisely  in  such  manner  as  LeMoine 
seems  to  have  aitciiipicd  to  show  in  his  representation- published  in 
De  Bry  and  other  early  works- of  Indians  planting  corn. 

Picks,  bamuiers.  adr.cs  and  gouges  made  from  almost  entire  conch 
shells  were  found,  handles  and  all,  in  relatively  perfect  condition  and 
inconsiderable  numbers.  As  maybe  seen  by  reference  to  the  accom' 
panying  illustration.  Fig.  1,  PI.  XXXII.  the  condishell  heads  of  Iheie 
tools  were  most  ingeniously  hafled.  The  whorl  was  usually  battered 
away  on  (he  side  toward  the  mouth,  so  as  to  expose  the  columella.  The 
lip  was  nnindly  notched  or  pierced,  and  the  back  whorl  also  perforated 
opjwsitely.  Thus  the  stick  or  handle  could  be  driven  into  these  perfora- 
tiiins,  iMiRl  the  columella  in  such  manner  Ihat  it  was  sprung  or  clamped 
finnlyinto  place.  Nevcriheless  it  was  usually  furiher  secured  wiih  raw- 
hide thongs— now  mere  jelly— passed  through  one  or  two  additional  per- 
forations In  tlie  head,  and  around  both  the  slick  and  the  columella.  The 
spike-like  ends  of  the  coin  me  1 1  it  were  so  shaped  as  to  form  either  long. 
sharji- pointed  picks.  Hat,  small-faced  hummers  or  battering  tools,  adzes 
wiili  very  narrow  bils.  or  gouges.  The  edges  of  the  gouges  were  wider 
than  those  of  the  oilier  looU.  more  of  the  wings  of  the  shells  having 
been  left  on  Ihe  ends  of  the  columelhe  and  liiesc  half-hollow  points  hav, 
ing  been  simjily  ground  oil' obliquely,  I  made  n  tool  of  Ibis  dcscriplion, 
which  worked  admirably  on  the  hardest  wood  I  could  gel ;  and  relained 
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its  edge  amazingly  well.  Several  very  ingenious  hacking  tools  or  broad- 
axes  had  been  made  merely  from  the  lips  and  portions  of  the  outer 
or  body -whorls  of  these  conchs.  They  were  simply  notched  at  the  ends 
so  as  to  receive  correspondingly  grooved  or  notched  sticks  which  were 
bound  to  their  inner  sides  with  thongs  passed  around  the  ends  and  over 
the  backs.  The  wide,  curved,  natural  edge  of  the  lips,  had  then  been 
neatly  sharpened.  Among  the  blocked-out  pieces  of  wood  so  frequently 
found  were  examples  of  the  work  done  not  only  with  these  hollow 
hacking  tools,  but  also  with  the  chisel-  and  gouge-pointed  implements 
I  have  described,  as  was  clearly  shown  by  the  results  of  my  experiments. 
In  addition  to  these  cutting  tools,  celts,  or  rather  celt-shaped,  but  curved 
adze-blades,  two  of  them  in  connection  with  their  handles — which  were 
made  from  forked  branches,  one  limb  cut  short  and  shouldered  to  receive 
the  blade,  the  other  left  long,  to  serve  as  the  handle — were  also  recov- 
ered. True  celts  were  found  too,  made  from  the  heavy  columella;  ot 
triton  shells.  One  of  tliem  was  accompanied  by  a  pierced  handle,  the 
most  elaborately  decorated  object  of  its  kind  thus  far  found  in  our  coun- 
try. It  was  superbly  carved  from  end  to  end  with  curved  volute-like 
decorations,  concentric  circles,  ovals,  and  overpliced  as  well  as  parallel 
lines,  regularly  divided  by  en  circling  bands,  as  though  derived  from  ornate 
lashings;  while  the  head  or  extreme  end  was  notched  around  for  the 
attachment  of  plumes  or  tassels,  and  the  opposite  or  handle-end  furnished 
with  an  eyelet  to  facilitate  suspension.  Numbers  of  carving  adzes,  as  waa 
plainly  indicated  by  marks  of  their  work  on  both  finished  and  unfin- 
ished objects,  were  also  secured,  quite  in  their  entirety.  Each  consisted 
of  a  curved  or  crozier-shaped  handle  of  hardwood  about  a  foot  in  length, 
sharply  crooked  toward  the  head,  which  consisted  of  a  perfectly  fitted, 
carved,  polished  and  socketed  section  of  deer  horn.  The  socket  at  the 
point  of  this  deer-horn  head  was  deep,  transverse,  and  so  shaped  as  to 
receive  and  retain  measurably  w^ell.  little  blades  made  cMther  from  bits 
of  shell,  the  sharp  ventral  valves  of  oysters — of  which  kind  numerous 
worn-out  examples  were  gathered — or  sometimes,  from  very  large  shark 
or  alligator  teeth.  These  peculiar  little  hand-adzes— that  resembled 
some  of  those  one  may  see  pictured  in  the  figures  of  mask-carvers  in 
Central  American  and  Mexican  codices —seem  to  have  been,  judged  from 
the  work  performed  with  them,  among  the  most  i>erfect  implements 
possessed  by  the  inhabitants.  That  they  were  favorite  tools  also,  was 
shown  by  the  fact  that  many  of  them  were  elaborately  carved.  All  had 
eyes,  mostly  protuberant,  just  above  the  sockets,  and  one,  for  example, 
was  slightly  crooked  from  side  to  side,  and  shaped  to  represent  a  fanged 
serpent ;  another  had  carved  near  its  head,  a  surprisingly  realistic  horned- 
deer's  head,  and  yet  another  was  surmounted  by  the  figure  of  a  gopher 
or  rodent  gnawing  at  a  stick— see  F'ig.  2,  PI.  XXXH;  and  in  these 
forms  I  did  not  fail  to  recognize  the  association  that  was  atteiniUed,  by 
this  sort  of  decoration  between  the  carvings,  and  the  functions  of 
these  biting  or  gnawing  implements,  so  to  call  them. 
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Of  courao  atrapers  and  shavers  of  variouE  kioilH  aboaaded.  Some,  of 
larice,  Dnely-ribbed,  serrated  bivalves — varieties  of  pectnnculiiB— were 
pprfUT&ted  at  the  apices,  in  order  tlint  a  loop  might  be  allaclied  to  them 
ti)  &ci1itate  handling.  Others  were  made  fVom  the  valves  of  tidewater 
uaioB,  or  snn -clams,  so  called,  and  showed  no  other  art  than  Ibal  of  hav' 
ing  been  keenly  sharpened  at  the  edges,  and  of  tbe  wear  which  had  re- 
Bulted  from  ase.  The  most  elaborate  objtictfi  of  this  kind  wf^ro,  however, 
cerlHin  tiat-hingcd  bivalves  or  area  shells,  about  three  and  a  half  or  four 
inches  long.  The  umboldal  apices  of  tUese  had  been  broken  away  and 
strij>s  of  bark,  and  in  at  least  one  case,  brond  straps  of  a  kind  of 
leather,  had  been  bo  passed  back  and  forth  through  the  a|>erturea. 
and  platted  along  the  hinges  or  straight  backs,  as  to  afford  excel- 
lent grasp.  All  of  ibem  were  ctenulatc  at  the  edges  and  some  of  them 
were  double,  thai  is.  made  of  two  shells  tightly  tied  together,  one  inside 
of  the  other,  in  such  manner  that  a  double  edge  was  thereby  secured. 
Several  draw-knives  made  from  split  leg-bones  of  the  deer  sharpened  to 
beveled  edges  from  the  inside;  some  ingenious  shaving -knives,  nuulr 
fh)m  the  outer  marginal  whorls  of  the  true  oonchs — the  thick  indented 
or  tiKitlied  lips  of  which  formed  their  backs  or  handles,  the  thin  but 
strong  whorl-walls  being  sharpened  to  keen  slnight  edges — completed 
the  list  of  scraping  and  planing  tools. 

Cutting  and  carving  knives  of  shark's  teeth,  varying  in  size  from  tin; 
straight  points  M  curved  blades  nearly  an  Inch  in  length  and  in  width 
L>I' bHSf.  wi-re  fnund  by  hMndri.'dis.  !?i>ine  ware,  asaocialed  with  Ibcir 
handles.  These  were  of  two  classes.  The  greater  number  of  Iheni 
consisted  of  shafts  from  live  to  seven  inches  in  length  by  not  more  than 
half  or  three-quarters  of  an  inch  in  diameter  at  their  thickest  portions. 
Some  were  slightly  curved,  others  straight,  some  pointed,  others  squared 
at  the  smaller  ends.  All  were  furnished  with  nocks  at  the  lower  ends— 
which  were  also  a  little  tapered — fur  (he  reception  of  the  hollow  bases 
of  the  tooth-blades  that  had  been  Insbed  to  them  and  cemented  wilb 
black  gum.  Not  a  few  of  these  doubly-tapered  little  handles  were  mar. 
vels  of  nnish.  highly  |)olisbed,  and  sonic  of  them  were  carved  or  incised 
with  involuted  circlets  or  kwa-like  decorations,  or  else  with  straight  or 
spiral-rayed  nisctles  and  concentric  circles,  at  the  upper  ends,  as  tbongh 
these  had  been  used  as  stamps  in  the  (inishing  of  certain  kinds  of  work. 
The  other  class  of  bundles  wa$  much  more  various,  and  was  designed  for 
receiving  one  or  more  of  the  shark-tooth  blades,  not  at  the  extremities, 
but  at  the  sides  of  the  ends,  some  transversely,  others  laterally.  They 
were  nearly  all  carved  :  a  few  of  them  most  elaborately;  and  they 
ranged  in  length  from  the  width  of  the  palm  of  the  hand  to  fire  or  sii 
inches,  being  adapted  for  use  not  only  as  carvers,  but  also,  probably- 
such  as  had  single  cnissblades — as  finishing  adzes. 

Everywhere  on  the  least  llnishcd  surfaces  of  completed  carvings,  and 
on  incipient  works,  not  only  in  wood,  but  also  in  bone  and  horn,  could 
be  seen  dislinclive  marks  left  by  the  finely  serrated  edges  of  these  more 
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than  half-oatural  carving  tools.  As  soon  as  we  had  discovered  a  few  of 
them  I  secured  fresh  teeth  and  experimentally  made  knives  and  cutters 
of  the  various  kinds  I  have  described.  I  found  these  diminutive  shark- 
tooth  blades — the  one  edge  of  each  outwardly,  the  other  inwardly, 
curved — by  far  the  most  eflfective  primitive  carving  tools  I  had  ever 
learned  of,  and  therein  perceived  one  of  the  principal  causes  of  the  pre- 
eminence of  the  ancient  key  dwellers  in  the  wood  carver's  art,  so  con- 
stantly evidenced  in  our  collections.  There  were  girdling  tools  or  saws 
— made  from  the  sharp,  flat-toothed  lower  jaws  of  king-fishes — into  the 
hollow  ends  of  which  curved  jaw-bones,  the  crudest  of  little  handles  had 
been  thrust  and  tied  through  neat  lateral  perforations  ;  but  these  also  had 
formed  admirable  tools,  and  I  found  not  a  few  examples  of  work  done 
with  them,  in  the  shape  of  round  billets  that  had  been  severed  by  them 
and  spirally  haggled  in  such  a  way  as  to  plainly  illustrate  tlie  origin  of 
one  of  the  most  frequent  decorations  we  found  on  carved  wood  works, 
the  spiral  rosette  just  referred  to.  There  were  minute  little  bodkin- 
shaped  chisels  of  bone,  and  shell,  complete  in  themselves  ;  and  there 
were,  of  course,  numerous  awls  and  the  like,  made  from  bone,  horn  and 
fish  spines.  Rasps  of  very  small,  much  worn  and  evidently  most  highly 
prized  fragments  of  coral  sandstone,  as  well  as  a  few  strips  of  careftilly 
rolled-up  shark  skin,  told  the  story  of  how  the  harder  tools  had  been 
edged,  and  the  polished  wood-,  and  bone-work  finished,  here. 

Weapom, — It  was  significant  that  no  bows  were  discovered  in  any  por- 
tion of  the  court,  but  of  atlatlsor  throwing  sticks,  both  fragmentary  and 
entire,  four  or  five  examples  were  found.  Two  of  the  most  perfect  of 
these  were  also  the  most  characteristic,  since  one  was  double-holed,  tlie 
other  single-holed.  The  first— which  is  shown  in  Fig.  4,  PI.  XXXII— 
was  some  eighteen  inches  in  length,  delicate,  slender,  slightly  curved 
and  originally,  quite  springy.  It  was  fitted  with  a  short  spur  at  the 
smaller  end  and  was  unequally  spread  or  flanged  at  the  larger  or  grasp- 
ing end.  The  shaft-groove  terminated  in  an  ornamental  device,  whence 
a  slighter  crease  led  quite  to  the  end  of  the  handle,  and  the  whole  imple- 
ment was  delicately  carved  and  engraved  with  edge-lines  and  when  first 
taken  from  the  muck  exhibited  a  high  polish  and  beautiful  rosewood 
color.  The  other — shown  in  Fig.  8,  PI.  XXXII — was  somewhat  longer, 
slightly  thicker,  wider  shafted,  more  curved,  and,  as  I  have  said  before, 
fumisbed  with  only  a  single  finger-hole.  At  the  smaller  end  was 
a  diminutive  but  very  perfect  carving  of  a  rabbit,  in  the  act  of  thump- 
ing, so  placed  that  his  erect  tail  formed  the  propelling-spur.  This  instru- 
ment also  was  fitted  with  a  short  shaft-groove  and  was  carved  and  deco- 
rated with  edge  and  side  lines,  and  the  handle-end  was  beautifully 
carved  down  and  rounded  so  as  to  form  a  volute  or  rolled  knob,  giv- 
ing it  a  striking  resemblance  to  the  ornate  forms  of  the  atlatl  of  Cen- 
tral America ;  a  resemblance  that  also  applied  somewhat  to  the  double - 
holed  specimen,  and  to  various  of  the  fragmentary  spear-throwers. 
Arrows  about  four  feet  in  length,  perfectly  uniform,  pointed  with  hard 
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wood,  tbe  shafla  made  cither  of  a  aotler  and  lighter  kind  nf  wood  ot  of 
cane,  were  Tonnd.  The  iiocke  of  these  were  relatively  large.  This  tug- 
geeled  that  rerlain  curved  and  nhapely  dubs,  or  rather  wooden  sabre* 
— for  tlief  were  amieil  aloug  one  edge  with  keen  sliark-leelh — 
mighl  have  been  used  not  only  for  striking,  but  also  for  flinging 
Bucb  nocked  spears  or  thro  wing-arrows.  Each  of  these  singular  and 
BUperl)ly  finished  weapons  was  about  three  fuel  long.  Tbe  handle  »r 
grip  was  stmighl ;  Iheoee  the  blade  or  shaft  was  geolly  eurved  down- 
ward and  upward  again  to  the  end,  which  was  obliquely  truncBl«d 
below,  but  terminated  above  in  a  creased  or  slightly  biliirc&led.  spir- 
ally curved  knob  or  volute  like  the  end  of  a  violtn.  and  alill  marc 
like  tbe  lower  articulation  of  a  human  femur. — as  may  be  sei»a  by  refer. 
ence  to  Fig,  B,  PI.  XXXII, — which  Ihewbole  weapon  rRMiniblAd  in  pea. 
cral  outline  so  strikingly  thai  I  was  inclined  to  regard  the  type  it  rcptv- 
senled  as  remotely  derived  from  clubs  originally  made  in  ioiitatioa  of 
lliigh-bones.  The  handle  was  broader  at  the  back  than  hclnw,  bnlnnally 
rounded,  and  tbe  extreme  end  delicately  flared  to  lnHUT«  gmp  At 
both  Bbank  and  bult  of  this  grip,  oblong  boles  liad  been  borod  obliquely 
through  one  side  of  the  back  for  the  attachment  of  a  braided  or  twUtnd 
hand-loop  or  guard-cord,  to  still  I^irther  secure  bold.  The  back  oftlie 
shsfl,  too.  WHS  wide,  and  xharp  along  the  lateral  edges,  ttota  both  vt  * 
which  it  was  hollowed  obKtiuely  to  the  middle,  the  ilMllow  V-ahap(4f 
trough  or  groove  thus  formed  reacldng  from  the  hilt  to  the  lurDed-B|t  " 
end,  where  il  UTliiinatpd  in  n  litll'-  semi-cirnilrtr,  sharp-edged  fuiip  or 
spur  in  llic  central  furrow  at  the  base  of  the  knob.  The  coavergiog 
sides  of  the  shaft  were  likewise  evenly  and  sharply  creased  or  fluted 
from  the  shank  of  Ihe  grip  to  the  gracefully  turned  volutes  si  the 
xidcs  of  the  knob.  The  blade  proper,  or  lower  edge,  was  compar»tively 
Ihin,  like  a  conlinuoux  slightly  grooved  tongue  or  an  old-fashioned 
skate  blade — save  tbal  it  was  obliquely  square,  not  rounded,  at  the  end. 
Il  was  transversely  pierced  at  regular  intervals  by  semicircular  perfora- 
tions— twelve  in  all— beneath  each  of  which  the  groove  was  deepened 
ut  two  points  In  accommodate  the  blunt  bifurcate  roots  of  the  large 
hooked  teeth  of  the  tiger-  or  "Man-Eater"-  shark,  with  which  Ibe 
sabre  was  set ;  so  thai,  like  Ihe  teeth  of  a  saw,  ibey  would  all  turn  one 
way,  namely,  toward  Ihe  handle,  as  can  be  seen  by  reference  to  tbe  en- 
iarged  sketch  of  one  at  Ihe  end  of  Ihe  figure.  Finely  twisted  cords  of 
sinew  bad  been  threaded  regularly  back  and  forth  through  these  per- 
forations and  alternately  over  the  winga  of  the  shark  teeth,  so  as  to 
neatly  bind  each  in  iis  socket;  and  these  lashings  were  reinforced  with 
abundant  black  rubber -gum —to  which  their  preservation  was  due. 

Now  the  little  cuap  or  sharp-edged  spur  at  the  end  of  the  back-groove 
was  <!0  deeply  placed  in  the  crease  of  the  knob  that  it  could  hare  served 
no  practical  purpose  in  a  striking  weapon.  Yet,  it  was  so  shaped  >£  to 
exactly  Ut  the  nock  of  a  spear,  and  since  by  means  of  the  guard  cord. 
the  b^indlc  could  be  grasped  not  only  for  striking,  but,  by  ahifliog  or 
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reversing  the  hold,  for  hurling  as  well,  I  inferred  that  possihiy  the 
instrument  had  been  used  in  part  as  an  atlatl,  in  part  as  a  kind  of  single- 
edged  maquahuitl  or  blade-set  sabre.  It  was,  at  any  rate,  a  most  formid- 
able weapon  and  a  superb  example  of  primitive  workmanship  and  inge- 
nuity. There  were  other  weapons  somewhat  like  these.  But  they  were 
only  eight  or  nine  inches  in  length,  and  were  neither  knobbed  nor 
creased.  They  were,  however,  perforated  at  the  backs  for  hand  cords, 
and  socketed  below  for  six,  instead  of  twelve  teeth — set  somewhat  more 
closely  together — and  must  have  formed  vicious  slashers  or  rippers. 
Then  there  were  certain  split  bear-  and  wolf-Jaws — neatly  cut  off  so  as 
to  leave  the  canines  and  two  cuspids  standing — which,  from  traces 
of  cement  on  their  bases  and  sides,  appeared  to  have  been  similarly 
attached  to  curved  clubs. 

War  clubs  proper,  that  is,  of  wood  only,  were  found  in  considerable 
variety.  The  most  common  form  was  that  of  the  short,  knobbed  blud- 
geon. Another  was  nearly  three  feet  long,  the  handle  rounded,  tapered, 
and  furnished  at  the  end  with  an  eyelet  for  the  wrist  cord.  The  blade  was 
flattish,  widening  to  about  three  inches  at  the  head,  and  it  was  laterally 
beveled  from  both  sides  to  form  blunt  edges  and  was  notched  or  roundly 
serrated,  precisely  as  are  some  forms  of  Fijian  and  Caroline  Island  clubs. 
The  type  was  obviously  derived  from  some  preexisting  kind  of  blade- 
set  weapon.  This  was  also  true,  in  another  way,  of  the  most  remarkable 
form  of  club  we  discovered.  It  was  not  quite  two  feet  in  length,  and  made 
of  some  dark-colored  fine-grained  kind  of  hard,  heavy  wood,  exquisitely 
fashioned  and  finished.  The  handle  was  also  round  and  tapering,  the  head 
flattened,  symmetrically  flaring  and  sharp-edged,  the  end  square  or  but 
slightly  curved,  and  terminating  in  a  grooved  knob  or  boss,  to  which  tas- 
sel-cords had  been  attached.  Just  below  the  flaring  head  was  a  double 
blade,  that  is,  a  semilunar,  sharp-edged  projection  on  either  side,  giving 
the  weapon  the  appearance  of  a  double-edged  battle-axe  set  in  a  broad- 
ended  club,  as  indicated  in  outline  a  of  Fig.  3,  PI.  XXXV.  This 
specimen  was  of  especial  interest,  as  it  was  the  only  weapon  of 
its  kind  found,  up  to  that  time,  in  the  United  States;  but  was 
absolutely  identical  in  outline  with  the  so-called  batons  represented  in 
the  hands  of  warrior-figures  delineated  on  the  shell  gorgets  and  copper 
plates  found  in  the  southern  and  central  Mississippi  mounds — as  may 
be  seen  in  the  figure  Just  referred  to.  It  not  only  recalled  these,  but 
also  typical  double-bladed  battle-axes  or  clubs  of  South  and  Central 
American  peoples,  from  which  type  I  regarded  its  form,  although  wholly 
of  wood,  as  a  derivative. 

I  must  not  fail  to  mention  dirks  or  stilettos,  made  from  the  foreleg 
bones  of  deer,  the  grip  ends  fiat,  the  blades  conforming  in  curvature  to 
the  original  lines  of  the  bones  from  which  they  were  made.  One  of 
them  was  exquisitely  and  conventionally  carved  at  the  hilt-cnd  to  repre- 
sent the  head  of  a  buzzard  or  vulture,  the  which  was  no  doubt  held  to 
be  one  of  the  gods  of  death  by  these  primitive  key-dwellers.     There 
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werc  bIho  (striking- and  tlimstlng-wcaponsof  aIeaderin«ko  and  of  wood, 
save  that  tliey  were  Boiiietinie»  lipped  wUli  deer  horD  or  IieBuiIfully 
fashioneil  s|iurB  of  bone,  but  lUey  were  so  fraginentary  tliKt  1  1i»tc  thiw 
tar  been  ariable  to  determine  their  exuct  autureg. 

PeriOHai  Orna'nfnlt  and  ParnpfitnuiUn. — Numerous  ulijectn  of  [icr- 
sonul  invexinre  ond  ndornmeiit  were  collected.  Aside  from  shell  be«d«, 
pcndunlB  and  gorfteta,  of  Icinds  found  usually  in  otber  soaltiern  relic 
sileB,  there  were  buttons,  cord-knobs  of  largo  olira-shetls,  and  many 
little  conical  wooden  plugs  that  had  obviously  formed  the  cores  ofta*- 
sels  ;  sliding-beada,  of  elaborately  carred  deer  horn — for  double  cords — 
and  one  superb  little  brooch,  scarcely  more  than  an  inch  in  width,  made 
rif  hard  wood,  in  representation  of  an  sngle-Ssh,  the  round  spots  on  it« 
back  iolftid  with  miunCe  discs  of  tortoise  shell,  the  bands  of  the  dimino- 
live  tail  delicately  and  realistically  inciaed.  and  the  mouth,  nod  a  longi- 
tudinal eyelet  asdelicately  incut  into  the  lower  aide.  There  were  very 
large  labrets  of  wood  for  the  lower  lips,  the  shanks  and  insertiotia  of  which 
were  small,  and  placed  near  one  edge,  so  thai  the  outer  disc  which  had 
been  coaled  with  varnish  or  brilliant  thin  lamlote  of  tortoise  shell,  would 
hang  low  over  the  chin.  There  were  lip-pins  too  ;  and  ear  hullonit, 
plates,  spikesaud  plugs.  The  ear  buttons  were  chiefly  of  wood,  and  were 
of  special  interest— the  most  elaborate  articles  of  jewelry  we  found.  They 
were  shaped  like  huge  cuff  buttons — some,  two  inches  In  diameter,  n- 
HembUngttie!>o-called  a  pool -shaped  copper  boaaeBoretironiamejitsof  th« 
mound  buildrrf.  fsee  d  mid  Fij,'.  3,  PI.  XXXV).  But  ii  fi-w  i>f  (bpse  weir 
made  in  parts,  so  that  the  rear  disc  could  be,  by  a  partial  turn,  slipped 
off  from  the  shank,  to  facilitate  innertion  intotheslitsof  the  ear  lobe.  The 
front  discs  were  rimmed  with  white  shell  rings,  within  which  were  nar- 
rower circlets  of  tortoise  shell,  and  within  these,  in  turn,  little  round, 
very  dark  and  slightly  protuberant  wooden  bosses  or  plugs,  covered  with 
gum  or  varnish  and  higiily  polished,  sothat  the  whole  front  of  the  button 
exactly  resembled  a  huge  round,  gleaming  eyeball.  Indeed,  tliis  resem- 
blance was  so  striking  that  both  Mr.  Sawyer  and  I  independently  recog- 
nized the  likeness  of  these  curioua  decorations  to  the  glaring  eyes  of  the 
tarpons,  sharks,  and  other  sea  nionstersof  the  surrounding  waters;  and  as 
the  buttons  were  associated  with  more  or  less  warlike  paraphernalia,  I 
hazarded  the  opinion  that  they  were  actually  designed  to  represent  the 
eyes  of  such  monsters — to  be  worn  as  the  flercc,  destructive,  searching 
and  terrorizing  eyes,  the  "Seeing  Ears,"  so  to  say,  of  the  warriors.  This 
was  indicated  by  the  eye-like  forms  of  many  of  the  other  ear  buttons  wr 
found — Home  having  been  overlaid  in  front  with  highly  polished  con- 
cavo-convex wliitc  shell  discs,  perforated  at  the  centres  as  if  to  repre- 
sent eye  pupils.— as  in/,  of  the  figure  last  referred  to. 

There  were  still  other  ear  buttons,  however,  elaborately  decorated  with 
involuted  figures,  or  circles  divided  equally  by  sinusoid  lines,  designs 
that  were  greatly  favored  by  the  ancient  artists  of  these  ksys.  The 
origin  of  these  figures,  both  painted,  as  on  the  buttons — in  contrasting 
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blue  and  white — and  incised,  as  on  discs,  stamps,  or  the  ends  of  han- 
dles, became  perfectly  evident  to  me  as  derived  from  the  **  navel 
marks,"  or  central  involutes  on  the  worked  ends  of  univalvular  shells  ; 
but  probably  here,  as  in  the  Orient,  they  had  already  acquired  the  sig- 
nificance of  the  human  navel,  and  were  thus  mystic  symbols  of  "the  mid- 
dle," to  be  worn  by  priestly  Commanders  of  the  warriors.  That  the  ear 
buttons  proper  were  badges,  was  indicated  by  the  finding  of  larger  num- 
bers of  common  ear  plugs ;  round,  and  slightly  rounded  also  at  either  end, 
but  grooved  or  rather  hollowed  around  the  middles.  Although  beauti- 
fully fashioned,  they  had  been  finished  with  shark-tooth  surface-hatch- 
ing, in  order  to  facilitate  coating  them  with  brilliant  varnishes  or  pig- 
ments. The  largest  of  them  may  have  been  used  as  stretchers  for  ordi- 
nary wear;  but  the  smaller  and  shorter  of  them  were  probably  for  ordi- 
nary use,  or  use  by  women,  and  had  taken  the  place  of  like,  but  more 
primitive  ornaments  made  from  the  vertebrae  of  sharks.  Indeed  a  few 
of  these  earlier  forms  made  of  vertebrae,  were  actually  found. 

I  could  not  quite  determine  what  had  been  the  use  of  certain 
highly  ornate  flat  wooden  discs.  They  were  too  thin  to  have 
been  serviceable  as  ear  plugs,  or  as  labrets.  But  from  the  fact 
that  they  were  so  exquisitely  incised  with  rosettes,  or  elaborately 
involuted,  obliquely  hatched  designs,  and  other  figures — the  two 
faces  different  in  each  case — and  that  they  corresponded  in  size  to 
the  ear  buttons  and  plugs,  I  came  to  regard  them  as  stamps  used  in 
impressing  the  gum-like  pigments  with  which  so  many  of  these  orna- 
ments had  been  quite  thickly  coated,  as  also,  perhaps,  in  the  ornamen- 
tation or  stamping  of  other  articles  and  materials  now  decomposed.  Very 
long  and  beautifully  finished,  curved  plates  of  shell  had  been  used 
probably  as  ear  ornaments  or  spikes,  also  ;  since  they  exactly  resembled 
those  depicted  as  worn  transversely  thrust  through  the  ears,  in  some  of 
Le  Moyne's  drawings,  of  which  representations  I  had  never  previously 
understood  the  nature ;  and  many  of  the  plummet-shaped  pendants  I 
have  before  referred  to,  must  have  been  used  after  the  manner  remarked 
on  in  some  of  the  old  writers,  as  ear  weights  or  stretchers,  and  some, 
being  very  long,  not  only  thuswise,  but  also  as  ear  spikes  for  wear  after 
the  manner  of  using  the  plates  just  described.  While  certain  crude  ex- 
amples of  these  curious  pendants  had  been  used  apparently  as  wattling 
bobbets,  still  others,  better  shaped,  had  as  certainly  served  as  dress  or  gir- 
dle pendants.  On  one  of  them,  made  from  fine  gray  coral  stone — in  form 
like  a  minute,  narrow-necked,  pointed  flask — the  attachments  were  so 
completely  preserved  that  the  delicate  cords,  intricately  and  decora - 
tively  interlaced  to  and  fro  from  the  groove  cord  surrounding  the  neatly 
turned  rim,  to  the  central  knot  over  its  small  flat  head,  were  still  perfectly 
visible,  the  whole  having  been  coated  with  shining  black  gum  or  varnish. 
I  may  add,  however,  that  some  of  the  cruder  and  heavier  of  these  shell, 
coral,  and  coral-stone  plummets,  must  have  served  purely  practical  ends. 
Not  a  few  had  almost  unquestionably  been  used,  as  I  have  said,  as  wat- 


tliag  weights  and  netling  bolitietti,  tlieir  hnrried  flnUli,  their  odspUbil- 
ity  to  such  usee  and  their  DDmbera  uoA  the  uniformity  of  many  orihcm, 
all  indicated  this.  Others,  no  doubt,  bad  Kervnd  as  flslt-line  weighia. 
Still,  several  of  the  more  elaborate  of  them  were  not  only  dpconitrd.  but 
were  so  beaniiftilly  shaped  and  so  highly  polished  that  tliey  i-ould  ha»e 
been  employed  only  as  combined  stretchers  and  urnamenls  or  as  indg' 
nia  of  a  highly  valued  Icind. 

The  remains  of  fringes  and  of  elaliorate  tassels,  niad«  from  finely  spun 
cords  of  the  eollon-tree  down — dyed,  iu  one  cMe  K^^en,  in  anoihrr 
yellow — betokened  high  skill  in  sueh  decoratire  employmuat  of  cord- 
age. The  remnins,  too,  of  what  I  regarded  ax  bark  head-dresses  ijuile 
similar  to  those  of  Northwest  Coast  Indians,  were  found.  Asaociatrd 
with  these,  as  well  as  independently,  were  numbers  of  hairpins.  iodi« 
made  of  ivory,  wime  of  bone,  to  which  beaniiftil,  long  flexible  atrip*  o( 
polished  tortoise  shell — Ihnt,  alas,  I  could  not  preserve  in  their  en- 
tirely— had  been  attached.  One  pin  had  been  carved  Bt  the  upper  etiil 
with  the  representaiion  of  a  rattlesnake's  tAil,  precisely  like  those  of 
Cheyenne  warriors;  another,  with  a  long  conical  knob  grooved  or 
hollowed  for  the  attachment  of  plume  cords.  Collections  of  giant  sm- 
crab  claws,  still  mottled  with  the  red,  brown,  orange.  y«llow  and 
black  colors  of  life,  looked  as  thougli  they  had  be«n  used  as  fringe- 
rattlea  and  -ornaments  combined,  for  the  decoration  of  kilts.  At  all 
events  their  resemblance  to  the  pendants  shown  as  attached  to  the  loin- 
(InMi  of  a  miiTi.  in  <.^^■  •>(  th|.  tnrly  jminting-  of  Florirli.  Inilt,iu-  i)rr 
served  in  the  British  Museum,  was  perfect.  Here  and  there,  buocbef 
of  long,  delicate,  semi-translucent  fish-spines  indicated  use  either  as 
necklaces  or  wristlets  ;  but  generally  such  collection  were  strung  oul 
in  a  way  that  led  me  to  regard  Ihem  as  pike-,  or  shafl-barbs. 

Cerlain  delicate  plates  of  pinna-t-hell,  and  others  of  lortoise-sbell, 
square — tliough  in  some  cases  longer  than  broad — were  pierced  to  fscili- 
lale  attachment,  and  appeared  to  have  been  used  as  dress  ornaments. 
Still  other  similar  plales  of  these  various  materials,  as  well  as  smaller, 
shaped  pieces  of  differing  forms,  seemed  to  have  been  inlaid,  for  ihey 
were  worn  only  on  one  side,  the  outer,  and  a  few  retained  traces  of  black 
gum  on  the  backs  or  unworn  sides. 

Considerable  collections  or  sets  of  somewhat  more  uniform  tortoi!>e- 
lione  and  pinna-shell  plates,  froui  an  inch  and  a  half  to  nearly  tlir«i 
inches  sijuare,  were  found  closely  bunched  together,  in  two  or  ilire* 
separate  places.  None  of  them  were  perforated.  Moreover,  nearly  all 
were  worn  smooth  on  both  faces,  and  especially  around  the  edges,  ss 
though  by  nmcb  handling.  Hence  it  appeared  that  they  had  not  been 
used  as  dress  ornaments,  or  for  inlaying  or  overlaying.  One  charac- 
terislic  was  noteworthy.  In  each  collection,  or  set,  which  consisted  of 
from  twenty  or  more  to  forty  or  more  pieces,  a  small  proportion  were 
distinguished  from  the  others  by  difference  in  length  or  in  material  or 
in  surface  treatment.    In  one  lot  of  between  forty  and  flfly  lortoise-bone 
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plates,  for  example,  there  were  four  or  five  plates  of  piona-shell,  while 
on  one  of  the  tortoise-bone  plates  themselves  were  circularly  incised  the 
dolphin-like  figures  of  two  porpoises  "wheeling"  in  the  water — one 
above,  the  other  below  the  medial  suture  of  the  bone,  the  line  of  which 
evidently  represented  the  rippling  surface  of  the  water,  for  the  figure 
above  it  was  spiritedly  depicted  "  blowing  " — that  is,  with  mouth  open — 
the  one  below  it,  with  mouth  closed,  as  though  holding  the  breatli.  Now 
from  the  fact  that  these  differences  were  very  marked  in  each  set,  and 
that  many  of  the  tortoise-bone  plates  of  each,  whether  still  covered  with 
traces  of  the  original  epiderm  or  not,  were  so  cut  from  the  carapace  at 
the  intersections  of  the  sutures,  as  to  include  portions  of  from  one  to  six 
nearly  equal-sized  segments,  I  judged  that  possibly  these  sets  of  the 
plates,  at  least,  had  been  used  in  sacred  games,  or  perhaps  in  processes 
of  divination — for  abundant  evidence  that  the  tortoise  and  turtle  were 
here — as  in  the  Orient,  and  elsewhere  in  America, — held  sacred,  occurred 
with  our  finds  in  other  parts  of  the  court. 

It  will  be  observed  that  suggestions  as  to  quite  diverse  uses  of  both 
the  plummet-shaped  objects  and  these  plates,  have  been  ofl^ered.  In 
some  cases  these  diverse  uses  of  single  types  were  perfectly  manifest, 
but  in  others  merely  inferential.  Let  me  repeat  that  there  was  fre- 
quently (and  this  was  especially  true  of  personal  paraphernalia)  evi- 
dence as  to  quite  varied  use  of  identical  forms.  It  is  always  difilcult  to 
determine  as  specific,  the  purpose  of  a  primitive  art-form,  for  the  high 
degree  of  diflferentiation  characteristic  of  modern  art  was  not  developed 
generally  in  primitive  art.  It  is  particularly  difilcult  to  distinguish  be- 
tween the  purely  ceremonial  and  the  more  or  less  ornamental  in 
such  personal  paraphernalia  as  I  have  been  describing.  To  a  certain 
extent  all  personal  adornments,  so  called,  of  early  peoples,  are  cere- 
monial or  sacred,  since  the  most  rare  and  beautiful  objects  are  like  to  be 
regarded  by  them  as  also  the  most  effective  charms  or  medicine 
potencies,  if  only  because  of  their  rarity,  their  substances  and  their  colors. 

As  typical  of  primitive  ornament  proper  I  may  mention  the  beads  and 
pendants  and  certain  of  the  gorgets  of  shell  which  we  discovered. 
While  it  is  true  that  even  such  objects  were  probably,  as  with  other 
primitive  peoples,  supposed  to  be  sacred, — for  instance,  on  account  of 
their  substance  and  white  color,  because  related  by  appearance  to  the 
shell-like  white  foam  of  the  blue  sea,  and  to  the  light  or  white  splendor 
of  day  in  the  blue  sky — the  fact  that  they  were  found  indiscriminately 
associated  with  other  remains  indicated  equally  indiscriminate  use — use, 
that  is,  as  ornaments  more  or  less  in  our  acceptation  of  the  term.  The 
commonness  of  the  material  of  which  they  were  made  caused  them  to  be 
prized  lesson  account  of  their  nature  and  beauty,  than  on  account  of  the 
labor  they  represented.  This  is  also  indicated  by  the  fact  that  their  forms 
(wrought  in  species  of  shell  here  more  common  than  elsewhere  on  the 
gulf  coast),  are  nevertheless  very  widely  distributed  throughout  other 
portions  of  Florida  and  all  the  Southern  and  Central  Mississippi  States; 


V] 


376 


a  frtct  which  arjineB  that  ihcy.  like  ihe  wBnipum  of  other  regione,  wew 
used  BB  the  media  of  Iracle,  or  Ihe  basis  of  dcfloile  exchange  valuation, 
as  TCell  &g.  In  ease  of  the  more  elabomte  of  theui.  in  Ihe  sole lunizat ion 
of  treaties.  But  by  far  the  greater  number  tif  the  articles  of  peraoiial 
ailoromeDt  deecnbed  in  preceding  paragraphs,  were  more  than  Ihia. 
They  were  fouud  not  iudiscriminatdjr,  but  deflnitelyassocialed  with  other 
tc  re  inn  Dial  remains.  They  may  therefore  be  regarded  as  having  been  ra- 
pedally  sacred,  used  as  amulets,  and  in  many  rases,  as  at  the  same  tiin<- 
badges  of  offiee.  birthright,  or  priesily  rank.  Certainly  this  may  be 
Judged  true  of  such  a»  liad  beeu  given  distinctive  forms,  for  seniblauM 
or  form  is  to  the  primitive- minded  man.  the  mosi  signiticaat  chantctrr 
of  any  thing.  The  ear  buttons  already  described  illustrate  this,  as 
well  as  certain  of  the  g;orget8.  These  were  about  three  inches  lu  diam' 
etvr.  diseoidal,  and  each  cut  out  from  the  labrum  of  a  pyrula  or  cooeh, 
to  represent  a  broad  circle  enclosing  a  cross.  Above  the  end  of  the 
upper  arm  of  this  cross,  four  holes  were  dnlled  (instead  of  one),  for  bub- 
pension.  Tlie  margin  of  the  inner  side  was,  moreover,  scored  with 
dollnite  numbers  of  notches.  Thus  it  was  plain  that  to  the  primitivr 
nature-  worshipers  who  made  and  used  Huch  gorgets  the  circle  repre- 
sented the  horizon  surrounding  Uie  world  and  ila  fourquarters — typified 
by  the  cross  as  well  as  the  four  holes  or  points— the  notches  in  its  rim, 
the  score  of  sacred  days  in  the  four  seasons  pertaining  to  the  four  quar- 
tt-rs  thus  symbolized;  and  thai  this  kind  of  ornament,  if  we  may  Mill 
cnll  it  such,  was  the  combined  cosmical  and  calendaric  badge,  probably 
of  llip  ]irlest  "bn  omcialcd  in,  and  kept  Inlly  of,  tin 
ceremonial  days,  of  the  successive  seasons. 


Less  difliculty  attended  the  determination  of  other  tlian  the  strictly 
personal  appliances  of  ceremonology  which  we  found :  and  again,  many 
articles  of  both  these  classes,  the  meaning  of  which  might  have  been 
problematical  had  we  found  them  dissociated,  were  readily  enough 
recognized  when  found  together.  This  was  particularly  the  case  with 
a  heterogeneous  collection  of  things  I  discovered  close  under  the 
sea  wall,  at  the  eitrenie  western  edge  of  the  court.  I  regarded  ils 
contents  as  having  constituted  the  outfit  of  a  "Medicine  man,"  or 
Shamanisiic  priest..  It  Is  true  that  it  contained  several  articles  of  a 
purely  practical  nature.  There  were  two  or  three  conch-shell  bailers; 
one  or  two  picks  or  battering  tools  of  conch-Phell,  of  a  kind  already 
described;  and  a  hammer  of  a  sort  not  infrequently  found  elsewhere. 
It  was  nutde  from  a  large  triion-shell  by  removing  the  labrum  or  two 
Ilrst  larger  whorls,  from  the  columella,  and  leaving  this  to  serve  as  the 
handle,  while  Ihe  remaining  four  or  five  smaller  or  apical  whorls  were 
left  to  serve  as  the  head.  There  were  also  several  hollow  shavlng- 
lilades  or  rounding- planes,  made  from  Ihe  serrate-edged  dental  plates  or 
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mandibles  of  the  logger-head  turtle,  and  some  shell  chisels  and  cutters 
of  various  other  sorts. 

For  the  rest,  however,  this  curious  assemblage  of  things  both  nat- 
ural and  artificial,  were,  judged  by  their  unquestionable  relationship 
to  one  another,  certainly  sacred,  or  fetishistic.  No  other  purpose  could 
be  assigned  to  several  natural  but  extremely  irregular  pearls;  pecu- 
liarly shaped,  minute  pebbles  and  concretions  ;  water- worn  fragments  of 
coral  exhibiting  singular  markings,  such  as  regular  lines  of  star-like  or 
radiate  dots;  more  than  twenty  distinct  species  of  small,  univalvular 
■shells,  and  half  as  many  of  small  bivalves — all  quite  as  fresh  as  though 
but  recently  gathered.  These  were  mingled  with  oliva-shell  buttons 
And  pendants,  and  pairs  of  sun-shells  (solenidaB),  two  of  which  had  been 
externally  coated  with  a  bright  yellow  pigment,  and  others  of  which 
had  once  been  painted,  inside,  with  symbolic  figures  or  devices  in  black, 
although  the  lines  of  these  figures  could  now  no  longer  be  distinctly 
traced.  There  were  a  number  of  interesting  remains  of  terrestrial  ani- 
mals. One  was  the  skull  of  an  opossum.  It  liad  been  carefully  cleaned, 
iind  cut  off  at  the  occiput,  and  to  the  base  thus  formed,  the  under  Jaw  had 
been  attached  frontwardly  at  right  angles,  in  such  manner  that  the 
-object  could  be  set  upright.  The  whole  had  been  covered  with  thick, 
white  pigment,  and  on  this  background  lines  in  black,  representative  of 
the  face  marks  or  features  of  the  living  animal,  as  conventionally 
conceived,  had  been  painted,  doubtless  to  make  it  fetishistically  "alive 
and  potent ''  again.  Another  skull,  that  of  the  marten  or  weasel, 
•occurred  in  this  little  museum  of  a  primitive  scientist ;  and  since  we 
know  that  both  the  opossum  and  the  weasel  were  favorite  '* mystery 
animals"  of  Indian  Shamans  elsewhere,  little  doubt  remains  as  to  the 
character  of  the  collection  they  belonged  to.  But  there  were  other  more 
artificial  objects,  yet  of  a  kindred  kind.  There  were  kilt-rattles,  made 
from  peculiarly  mottled  claw  shells  of  both  the  small  sea-crab  and  the 
great  king-crab  ;  and  a  set  of  brilliant  colored  scallop  shells,  and 
another  set  of  larger  pecten  shells,  all  in  each  set  perforated,  obviously 
for  mounting  together  on  a  hoop,  to  serve  as  castanets,  precisely  as  are 
similar  shells  among  the  Shamans  of  the  far-away  Northwest  coast. 
There  was  still  another  kind  of  rattle — duplicated  elsewhere — made 
fW>m  the  entire  shell  or  carapace  of  a  "gopher,"  or  land-tortoise,  the 
dorsal  portion  of  which  was  very  regularly  and  neatly  drilled,  to  aid 
the  emission  of  sound.  As  though  to  show  us  that  the  original  owner 
of  this  collection  was  not  only  a  sacred  song-man  and  soothsayer  or 
prophet,  but  also  a  doctor,  there  were,  in  addition,  a  beautiful  little 
mucking  tube  made  from  the  wing-bone  of  a  pelican  or  crane,  and  near 
at  hand  a  sharp  scarifying  lancet  of  fish  bone  set  in  a  little  wooden 
handle,  of  precisely  the  kind  described  by  old  writers  as  used  by  the 
•Southern  Indians  in  blood  letting  and  ceremonial  skin-scratching. 

In  addition  to  these  and  other  objects  largely  of  natuml.  or  of  only 
partially  artificial  origin,  there  were  a  number  of  highly  artificiallhings. 
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Most  intereslingoriheep  and  oODrlugivelysignilicaDtot' thG  naluraof  tbt 
find.  waBwIiHt  I  regarded  B8  a  set  or  "Black-Drink"  Rppliaiicu!>.  Il  i-on- 
aisled  of  n  gourd,  th^  long  Btem  of  wbicb  had  been  perfntstet)  at  thr  nnd 
and  «ideB  ;  of  a  tall  wooden  cup  or  vase — lire  wing-churn  and  ilrinking- 
drtiin,  in  one  ;  of  u  toasting  traj  of  black  earthenware  piinclarcd  aniuod 
the  rim  to  Tacilitate  bandling  wben  hot,  and  of  a  fragmoulary.  hat 
nearly  complete,  sooty  boiling-bowl  or  hemlgpbcrical  fire-pol,  alto  of 
black  earthenware.  Near  by  were  two  beautifully  tiQished  coaeh-ahfU 
ladlea  or  drinking  cups,  both  ralber  Hinaller  and  more  highly  Bnishcd 
than  olhem  found  in  different  parte  of  the  court.  The  larger  one  isa* 
Mill  Blainedadeep  reddieb  brown  color  inside,  bk  thougli  it  had  been 
long  neeA  for  eome  dark  lluid  like  coffee,  and  uncleansed,  or  ton  deeply 
stained  for  cleansing. 

Now  by  reference  to  Landonnier'a  relation  of  Kibaull's  and  his  own 
cffiiriH  to  colonize  Florida,  some  three  hundred  years  ago,  and  especially 
by  reference  to  Jonatlian  DiclEenson's  narrative  of  his  ro»^ption  by  Ihv 
self-same  "Caseekcy  " — who,  It  will  be  remembered,  later  despoiled  him 
and  Ills  party — nnecansee  that  these  things  quite  UDdoutitedl;^  pertained. 
as  I  have  intimated,  to  the  brewing  and  ceremonial  scrriog  ot  tlie 
aacred  Casaiue  or  '  Black-Drink"  so  famous  among  all  Souihera 
Indiana ;  for  they  correspond  in  a  general  way  quite  remarkably  to  Ul'■st^ 
desci^bnl  by  this  author,  so  much  so,  that  I  do  not  hesitate  to  qtint«  his 
account  at  length.     He  says  : 

"ThP  Indians  were  ^'iilcl  iis  it  foresaid,  the  Ciiswi'key  ni  Ihc  upper  pnil 
of  tbeni,  and  Ihe  runije  of  lhIiiiis  wa»  filled  with  men,  wooifn  :inil 
children,  beholding  us.  At  length  we  heard  n  woman  or  iwo  cry. 
according  to  their  manner,  and  that  very  sorrowfully  ,  .  .  .  which 
occasioned  some  of  us  to  think  that  something  extraordinary  was  to 
be  done  to  us ;  we  also  heard  a  strange  sort  of  a  noise,  which  was  nul 
unlike  the  noise  made  by  a  man,  but  we  could  not  understand  whil. 
nor  where  it  wbk;  for  sometimes  it  sounded  lo  be  in  one  |>ari  of  the 
liouse,  sometimes  in  anotlicr,  to  which  we  had  an  ear.  And  indeed 
our  ears  and  eyes  could  perceive  or  hear  nothing  but  what  was  strange 
and  dismal,  and  death  seemed  lo  surround  us;  but  time  discovemi 
this  noise  to  us — the  occasion  of  it  was  thus  :  In  one  part  of  this  house. 
where  a  Are  was  kepr.  was  an  Indian  man,  having  a  put  on  the  firr. 
wherein  he  was  making  a  drink  of  a  shrub  (which  we  undersliMMl 
afterwards  by  the  Sgianiards,  is  called  Casseena)  boiling  the  said  leaves. 
after  they  had  pnrclied  them  in  a  pot  ^  then  with  a  gMird,  having  a 
long  neck,  and  at  ilie  top  of  it  a  small  bole,  which  (he  top  of  one's 
linger  could  cover,  and  at  the  side  of  it  a  round  hole  of  two  inches  diame- 
ter. The^  take  llie  liquor  out  of  the  pot,  and  put  it  into  a  deet>  round 
liowl,  which  being  almost  filled,  contains  nigh  three  gallons  ;  with  ihLi 
gourd  Ihey  brew  the  lii(Uiir.  and  make  it  froth  very  much  ;  it  looks  of  a 
deep  brown  color.  In  (he  brewing  of  this  liquor  was  this  noise  made, 
width  we  thought  strange  ;  for  the  pressing  of  the  gourd  gently  down 
into  the  liquor,  and  the  air  which  it  cimtained,  being  forced  out  of  Ihe 
little  liolc  at  Ihe  lop.  occasioned  a  sound,  and  according  to  the  time  and 
motion  given,  would  he  various.  This  drink  when  made  and  cool  lo 
sup.  was  in  a  shell  flrst  carried  to  the  Cassekey,  who  threw  part  of  it  on 
the  ground,  and  the  rest  he  drank  up,  and  then  would  make  a  loud  hem  : 
and  afterwards  the  cup  passed  lo  the   rest  of  the  Cassekey's  '  "  " 


1»6.]  381  [Cuahing, 

as  aforesaid  ;  but  no  other  man,  woman  or  child  must  touch  or  taste  of 
this  sort  of  drink  ;  of  which  they  sat  sipping,  chattering,  and  smoking 
tobacco,  or  some  other  herb  instead  thereof,  for  the  most  part  of  the 
day." 

A  much  fuller  account  of  this  solemn  ceremonial,  of  the  making  and 
administering  of  the  "  Black-Drink,''  as  well  as  of  its  meaning  at  almost 
every  stage,  is  given  in  the  admirable  annals  of  William  Bartram — a 
former  and  honored  member  of  this  Society — whose  works  are,  indeed, 
the  source  of  more  definite  information  regarding  the  Southern  Indians 
than  those  of  any  other  one  of  our  earlier  authorities  on  the  natives  of 
northerly  Florida  and  contiguous  States. 

Three  other  objects  in  the  curious  lot  of  sacerdotal  things  I  have  been 
describing  were  especially  typical ;  for  closely  related,  but  varied 
forms  of  them  were  found  at  several  other  points  throughout  the  area 
we  excavated.  One  was  a  small,  square,  paddle-like  tablet,  about  six 
inches.long,  three  inches  wide,  and  five-eighths  of  an  inch  thick.  At  one 
end,  presumably  the  lower,  was  a  sort  of  tenon  ;  that  is,  the  board  was 
squarely  cut  in  from  either  side  to  the  middle,  where  a  projection  about 
an  inch  wide  and  a  little  more  than  an  inch  long  was  left,  as  though 
either  for  insertion  into  a  mortice,  or  to  facilitate  attachment  to  some- 
thing else,  otherwise.  A  much  larger  tablet  or  board,  an  inch  thick  and 
six  or  seven  inches  wide,  by  nearly  two  feet  in  length,  also  tenoned  in 
like  manner  at  the  lower  end,  lay  on  edge  near  by.  Along  the  middle 
of  one  face  of  this  tablet,  two  elongated  figures  were  cleanly  cut  in  or 
outlined,  end  to  end,  figures  that  seemed  to  represent  shafts  with  round 
terminal  knobs — indicated  by  circles — the  sides  of  the  shafts  being 
slightly  incurved,  so  that  the  figures  as  a  whole  greatly  resembled  the 
conventional  delineations  of  thigh  bones  as  seen  in  the  art- works  of 
other  primitive  peoples — in,  for  example,  the  codices,  and  on  the  monu 
ments,  of  Central  America.  Another  tablet  of  this  sort,  somewhat 
wider,  longer,  and  more  carefully  finished  by  the  shaving  down  of  its 
surfaces  with  shark-tooth  blades,  showed  likewise  along  the  middle  of 
one  face  similar  devices,  carved,  however,  in  relief,  as  though  to  repre- 
sent a  pair  of  thigh  bones  laid  lengthwise  and  end  to  end  upon,  or 
rather,  set  into  the  centre  of  one  side  of  the  board. 

Near  the  first  described  of  these  curious  objects  which  I  regarded  as 
probably  mortuary,  was  another  tablet,  evidently  of  related  character ; 
but  it  was  much  more  elaborate.  The  lower  portion  was  tenoned 
and  in  general  outline  otherwise  resembled  the  tablets  I  have  de- 
scribed ;  but  above  this  portion,  midway  from  end  to  end,  it  was 
squarely  notched  in  at  either  side,  and  above  the  stem  thus  formed. 
extended,  in  turn,  a  shovel-shaped  head,  or  nose,  so  to  call  it,  as  may  be 
better  perceived  by  reference  to  Fig.  2,  PI.  XXXIV,  which  represents 
the  most  perfect  of  these  objects  that  we  found.  The  specimen  in  question 
was  between  three  and  four  feet  long,  although  less  than  a  foot  in 
width.  The  lower  portion  was  not  more  than  an  inch  in  thickness,  and 
was  uniformly  flat,  the  upper  portion — head  or  nose,  as  I  have  called 
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it — wua  CODVCX  on  oaa  side,  flat  on  the  oilier.  WIiod  I  found  I 
object  I  encountered  the  soraewhAt  rounded  shovel -xluipt^d  rqiI  fliM,^ 
nad  thought  that  I  had  found  a  paddle.  Following  ii  ap  lij  W. 
ing  with  ray  flngere  nlong  tiie  edges,  I  became  assured  thnl  Iliiii  was  »>». 
when  I  struck  the  nutched-in  portions  at  the  stem  wlilch  connected 
it  with  the  lower  or  flatter  and  squarer  porliou.  Then  when  ih« 
shoulders  of  this  in  turn  were  touched,  I  supposed  it  to  be  a  double  sort 
of  paddle.  I  discovered  my  mistake  only  when  tlie  entire  object  wb» 
revealed  These  curious  lablgts,  tenoned  at  the  lower  enda.  notched  In 
midway,  and  terminating  fn  long  sliovel-sbaped  extensluas  beyond  Ihe 
necks  thus  formed,  were  represented  by  no  fewer  than  len  or  twelve  ex- 
amples besides  the  one  described.  They  were  found  iiuilu  gencnlly 
distributed  throughout  the  court.  But  Ibey  varied  in  size  from  a  foot  In 
length  by  three  Inches  in  width,  to  nearly  live  feet  in  length,  by  morv 
than  a  foot  in  width.  The  most  elahomle  of  them  all  was  the  our 
already  referred  to,  and  shown  in  PI.  XXXIV.  for  It,  like  Ihe  fltut  sped 
men  found,  had  been  decorated  with  paint  (as  nt  one  time  probably  had 
been  all  of  the  others).  Upon  the  head  or  shovel-shaped  portion  wi^rr 
(wo  eye-like  circles  snrroundtng  central  dots.  At  the  eitreme  end  was 
a  rectangular  line  enclosing  lesser  marginal  tines,  as  though  to  repir- 
sent  conventionally  a  mouth  enclosing  nottrlls  or  lectli  or  other  detail*. 
The  body  or  lower  and  flatter  portion  was  painted  fVom  Ihe  shoulden 
downward  toward  the  tail-like  tenon  with  a  double-lined  triangnlar 
flKllre,  and  there  were  three  broad  (rflnsvirse  black  bunds  leadint:  "Ul 
from  this  toward  either  edge.  On  the  obverse  or  flat  under  surface  of 
the  tablet  were  painted  equidistant jy,  in  a  line,  fourblack circles  enclos- 
ing white  centres,  exactly  corresponding  to  other  figures  of  the  soil 
found  on  various  objects  in  the  collections,  and  from  their  connectioo, 
ri';:arded  by  me  as  word-signs,  or  symbols  of  the  four  regions. 

That  these  curious  tablets  were  symbolical — even  if  designed  fur 
iitmcbmeiit  to  other  more  utilitarian  things — was  Indicated  by  ihi- 
fact  that  various  similar  objects,  too  small  for  use  otherwise  than  a^ 
batons  or  amulets,  were  found.  Several  of  these  were  of  wood,  but  one 
of  them  was  of  flnegrained  stone  {Fig.  3.  PI.  XXXIV),  and  all  were  ei- 
i|uisilely  nnlsbed.  Those  of  wood  were  not  more  than  eight  inches  tD 
length  by  three  inches  in  widlh  ;  and  tbey  were  most  elaborately  decor- 
ated by  incised  circles  or  lenticular  designs  on  the  upper  convex  sides- 
still  more  clearly  representing  eyes — and  by  zigzag  lines  around  the 
npiiermarginsas  clearly  representing  mouths,  teeth,  etc.,  and  on  the  same 
sidf.-  of  the  lower  portions  or  Imdies.  by  either  triangular  or  concenlrit' 
circular  figures  :  while  on  the  obverse  or  flat  side  of  one  of  them  wai 
beautifully  incisetl  and  painted  the  figure  of  a  Wheeling  Dolphia  or  Por- 
poise, one  of  the  mofit  perfect  drawings  in  the  collection.  The  little 
object  in  stone  (dispropnrlinnalely  illualrated  in  Pig.  3,  PI.  XXXIV)  wan 
only  two  inc'bcA  in  limglb  by  a  little  more  than  an  inch  in  width.  It 
was  wrought  from  very  fine  dioritie  stone,  and  as  may  be  aecn  by  the 
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illustration  was  so  decorated  with  incised  lines  as  to  generally  resemble 
the  comparatively  gigantic  wooden  object  of  the  same  general  kind 
shown  above  it.  The  very  slight  tenon-like  projection  at  the  lower  end 
of  it  was,  however,  grooved,  as  if  for  attachment  by  a  cord.  Plainly^ 
therefore,  it  was  designed  for  suspension,  and  no  doubt  constituted  an 
amulet  representative  of  the  larger  kind  of  object.  The  moderately 
small,  highly  finished  wooden  figures  of  this  kind,  seemed  also  to  have 
been  used  more  as  portable  paraphernalia — as  batons  or  badges  in  dramatic 
or  dance  ceremonials  perhaps— than  for  permanent  setting  up  or  attach- 
ment. That  this  may  have  been  the  case  was  indicated  by  the  finding 
of  a  "  head-tablet  "  of  the  kind.  It  was  fifteen  inches  in  length  by  about 
eight  inches  in  width,  although  wider  at  the  somewhat  rounded  top  than 
at  the  bottom.  On  the  flatter,  or  what  I  have  called  the  under  side  of  the 
lower  portion  or  end.  this  tablet  was  hollowed  to  exactly  fit  the  forehead,  or 
back  of  the  head,  while  on  the  more  convex  side,  it  was  figured  by  means 
of  painted  lines,  almost  precisely  as  were  the  upper  surfaces  of  the  small 
wooden  batons  or  minature  carved  tablets.  My  conclusion  relative  to  its 
character  as  a  "  head-tablet  *'  was  based,  not  only  upon  the  fact  that  it  was 
thus  hollowed  as  though  to  fit  the  head,  but  also  upon  the  comparison  of 
its  general  outlines  and  those  represented  on  its  painted  surface,  with  the 
outlines  and  delineations  on  certain  objects  represented  oh  the  head- 
dresses of  human  figures  etched  on  shell  gorgets  found  in  the  ancient 
mounds  of  the  Mississippi  Valley. 

I  admit  that  the  significance  of  not  only  the  smaller,  but  also  of  the 
larger  of  these  remarkable  tablets  must  remain  more  or  less  enigmat- 
ical ;  yet,  judged  by  their  general  resemblance  to  the  gable-ornaments 
upon  the  sacred  houses  and  the  houses  of  the  dead  of  various  Poly- 
nesian peoples,  and  to  corresponding  sheet-copper  objects  of  the. 
northwest  coast,  as  well  as  to  their  obvious  connection  with  the 
tablets  found  by  us,  on  which  conventional  representations  of  thigh 
bones  occurred,  I  was  led  to  believe  that  at  least  all  of  the  larger  of 
them  were  ancestral  emblems  ;  that  the  smaller  and  more  highly  finished 
of  them  were,  therefore,  for  ceremonial  use,  perhaps,  in  dramatic  dances 
of  the  ancestry,  in  which  alsbjwch  head-tablets  as  the  one  I  have  described 
were  used ;  and  that  such  amulets  as  the  little  one  of  stone  here  fig- 
ured, were  likewise  similarly  representative.  It  may  be,  however,  that 
while  there  is  no  question  as  to  the  symbolic  and  ceremonial  nature  of  all 
these  things — as  is  indicated  by  the  like  conventional  devices  upon  them 
all, — nevertheless,  the  larger  of  them  may  have  been  used  in  other  ways  ; 
as,  for  example,  on  the  prows  of  canoes,  or  at  the  ends  of  small  mortu- 
ary structures — chests  or  the  like— or  they  may  have  been  set  up  to  form 
portions  of  altars.  But  in  any  one  of  these  uses  they  might  well  have 
served  quite  such  a  symbolic  purpose  as  I  have  suggested ;  for  they  were 
obvioasly  more  or  less  animistic  and  totemic,  and  it  is  for  this  reason  that 
I  have  provisionally  named  the  larger  of  them  "Ancestral  Tablets," 
and  look  upon  the  smaller  of  them  as  having  been  used  either  as  umu- 


let*  or  to  olherwise  represent  sufib  tnbleta  in  the  pBrapbernalim  of  ii»cr«i 
ADcetitnt  rpremoniale.  I  may  add  tliat  I  belieTe  il  will  yei  be  possible, 
by  the  experimeDtal  reproduction  and  use  of  tke«e  T'lnn*.  to  tlet«ratlnr 
more  definitely  what  lUe  origiiiBls.  the  most  mysterious  of  nur  llDds,  wpra 
ileeigned  for. 

In  addition  to  the  head  Utitet  I  have  spoken  of,  various  thin,  painird 
«lBts  of  wood  were  found  in  Iwo  or  three  places.  They  were  ao  related 
In  one  another  in  each  case,  that  it  was  evident  they  had  tlao  funned 
porlions  of  ceremonial  hcad-dreasea,  for  they  had  been  arranged  fan^wii* 
HB  shown  by  cordafie.  traces  of  which  could  still  be  seen  at  their  base*. 
Besides  these,  other  slats  and  parts  of  other  kinds  of  head-dresaes,  hark 
iHssels,  wands — one  in  the  form  of  a  beautifully  shaped  spciar,  and  otben 
in  the  form  of  staffs — were  found  ;  many  of  them  plainly  indicating  the 
prai'ticti  of  mimetically  reproducing;  useful  forms,  and  especially  weapons, 
for  ceremonial  appliance. 

Perhaps  the  most  signiflcanl  object  of  a  sacred  or  ceremonial  nature, 
however,  was  a  tliin  board  of  yellowish  wood,  a  little  more  tt)aa  Miteen 
inches  in  length,  by  eight  and  a  half  inches  in  width,  which  I  found 
standing  slantingly  upward  near  the  central  western  shell-haDch  (Sec- 
tion 33),  Un  slowly  removing  the  peaiy  muck  from  its  sarface,  I  dii- 
covered  that  an  elaborate  Agure  of  a  crested  bird  was  |»alnted  upon  oDe 
side  of  !t,  in  black,  white,  and  blue  plgmaots,  as  outlined  in  Fig.  1,  PI. 
XSXXT.  Although  conventionally  treated,  this  figure  was  at  one* 
rpcngnizsbli'  ns  representinp  ciUut  Ihe  jiiv  or  the  klnsr-lisher,  or  pirhHj" 
a  raythologic  bird-being  designed  to  typify  both.  There  were  certain 
nice  touches  of  an  especially  symbolic  nalure  in  |>orlions  of  this  pictorial 
figure  (and  the  same  may  also  be  said  of  various  other  figures  illuatrated 
in  Ibc  plates),  Ihe  nicety  of  which  is  not  sufficiently  shown  in  the  draw- 
ings, that  were  unfortunately  made  from  very  imperfect  prints  of  our 
photographs.  It  will  be  observed,  however,  not  only  that  considerable 
knowledge  of  perspective  was  possessed  by  the  primitive  artist  wbo 
made  this  painting,  but  also  that  be  attempted  to  show  the  deific  character 
of  the  bird  he  here  represented  by  placing  upon  the  broad  black  paint- 
band  beneath  his  lalons  (probably  symbolic  of  a  key),  the  characteris- 
tic animal  of  the  keys,  the  raccoon  ;  by  placing  the  symbol  or  inaignia  of 
his  dominion  over  the  water— in  formofadouble-bladed  paddle — uprigbt 
under  his  dexlral  wing;  and  to  show  his  dominion  over  the  fourqnartersof 
the  sea  and  island  world  thus  typified,  by  placing  the  four  circles  or 
word-signs,  as  if  issuing  from  his  mouth. — for  in  the  original,  a  flne  line 
connects  this  series  of  circlels  with  bis  throat,  and  is  further  continued 
downward  from  liis  mouth  toward  the  hear). — as  is  so  often  the  case  wllb 
similar  represenlalionsofmylhologic  beings  in  the  art  of  correspondingly 
developed  primitive  peoples. 

On  exhibiting  Ibis  painting  to  that  learned  student  of  American  lingu- 
istics. Dr.  Albcrl  S.  Gatchet,  of  ibe  Bureau  of  American  EtbDology.  and 
'■tating  10  bim  thai  I  regarded  i<  as  tiiat  of  tlie  crested  jay.  or  of  the  king- 
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fisber,  he  called  my  attention  to  the  fact  that  among  the  Maskokian  tribes 
of  Georgia,  and  of  contiguous  southern  regions,  the  name  of  a  leader 
among  the  recognized  warriors  signified  "  He  of  the  Rising  Crest,"  and 
that  this  name  was  also  that  of  the  jay  whose  crest  is  seen  to  rise  when  he 
is  wrathful  or  fighting.  I  am  therefore  convinced  that  this  figure,  so  often 
found  in  the  south  and  in  other  parts  of  Florida  (and  usually  identified 
as  that  of  the  ivory-billed  woodpecker),  really  represented  the  bird-god 
of  war  of  these  ancient  people  of  the  keys,  his  dominion  over  the  water 
being  signified,  as  1  have  suggested,  by  his  double-bladed  paddle  ;  his 
dominion  over  the  four  quarters  of  the  world,  by  the  four  word-signs 
represented  as  falling  from  his  open  mouth — for  these  circular  signs,  as 
w^e  have  seen  before,  were  not  only  drilled  in  the  margin  of  gorgets 
symbolic  of  the  four  quarters,  but  were  also  inscnbed  upon  some  of  the 
tablets  I  have  called  **  Ancestral." 

Other,  smaller,  thin  painted  boards  were  found,  but  it  was  evident 
that  they  were  lids  or  other  portions  of  boxes, — some  of  whiolu  indeed, 
we  found  nearly  complete.  One  of  these  lids  was  not  more  than  seven 
inches  in  length,  by  four  inches  in  width.  Upon  one  side  of  ic  was 
drawn,  in  even,  fine  lines  of  black  (as  approximately  shown  in  Fig.  6,  PI. 
XXXIV),  the  representation  of  a  horned  crocodile.  Again,  in  this  as  in 
the  painted  tablet,  may  be  seen  a  clear  indication  of  a  knowledge  of  per- 
spective in  drawing,  on  the  part  of  the  primitive  artists  who  designed  it. 
This  is  apparent  in  the  treatment  of  the  legs,  of  the  serrated  tail,  and  of  the 
vanishing  scales  both  at  the  back  and  under  the  belly  of  the  figure.  Such 
knowledge  of  delinative  art  in  the  round — remarkable  with  a  people  so 
primitive — was,  I  believe,  derived  by  them  from  their  still  more  remark- 
able facility  in  relief  work,  in  wood  carving ;  and  this,  in  turn,  originated, 
I  think,  in  their  possession  of  those  admirable  carving-tools  of  shark  teeth 
that  I  have  previously  described  The  little  lid  in  question  was  found 
still  in  connection  with  the  ends  and  with  one  side  of  a  Jewel-box,  in 
which  had  been  placed  several  precious  things,  among  them,  two  sets  of 
ear  buttons  and  choice,  carved  wooden  and  shell  discs.  It  was  enfolded 
within  decayed  matting  containing  a  bundle  or  pack,  in  which  were  also 
nine  ceremonial  adzes,  a  pair  of  painted  shells,  a  knife  with  animisUcally 
carved  handle,  and  other  articles— all  evidently  sacred,  or  for  use  in  the 
making  of  sacred  objects.  The  little  figure  of  the  crocodile  painted  on 
this  lid,  was  of  interest  in  another  way.  Being  horned,  it  at  once 
called  to  mind  the  "horned  alligators,"  described  by  Bartram  and 
others,  as  painted  upon  the  great  public  buildings  of  the  Creeks  or  Mas- 
kokian Indians  of  the  States  just  north  of  Florida.  Upon  another  box- 
lid  or  tablet  was  painted  in  outline,  a  gracef\il  and  realistic  figure  of  a 
doe,  and  along  the  middles  of  the  ingeniously  rabbetted  sides  and  ends  of 
these  boxes — whether  large  or  small — were  invariably  painted  double 
lines,  represented  as  tied  with  figure-of-eight  knots,  midway,  or  else 
fastened  with  clasps  of  oliva  shell — as  though  to  mythically  join  these 
parts  of  the  boxes  and  secure  their  contents. 
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Tlie  painted  shells  1  have  referred  to  &s  coiituined  in  tbi-  pAck  just  Je- 
euribed,  were  thoee  tfa  specieB  at  Solenidw,  or  the  radUllngly  hnndMl 
hivalveB  that  are  locally  known  in  that  portion  of  FloridH  us  "sun-skelli." 
Each  pair  of  them  was  closed  and  neatly  wrapped  about  wiili  Mi\pe  af 
piilin<>tto  leaves  Ihnt  were  still  green  In  color,  bulvluch  orcoume  Imm*- 
(I  lately  decomposed  on  exposure  to  the  air.  On  opening  this  pniruf  tbcm. 
I  found  that  in  one  of  the  tids  or  valves,  the  left  one,  was  a  1)uld.  convKn- 
tlonal  painting,  in  black  lines,  of  an  outspread  hand.  The  central  ernuei 
of  the  palm  were  represented  as  dencending  (liverBingiy  from  brtwctn 
the  first  and  middle  ilngcrs,  to  the  base.  This  was  also  charnctcristtc  of 
tbc  hands  in  another  much  more  elaborately  painted  shell  of  the  kind, 
that  was  found  by  Mr.  Oeoi^e  GauBe  within  four  or  live  feet  of  the  hM- 
painting  or  altar-tablet.  Aa  may  be  seen  by  reference  to  Fig.  4.  PI. 
XXXI V,  Ibis  painting  represented  a  man.  nearly  nude,  with  oiiifLpread 
hands,  masked  (as  indicated  by  the  pointed,  mouthless  face),  and  wearing 
n  head-dresH  coneiatiug  of  a  frontlet  with  four  radiating  lines — presumably 
nynibolicof  the  four  i|narte  re— represented  thereon,  and  with  three  Inuided 
]ilunies  or  hair  pins  divergingly  standing  up  from  it.  The  palDi-IioM 
In  the  open  hands  of  this  llgure  were  drawn  iu  precisely  the  same  manner 
as  were  those  in  the  hand  painting  of  the  pair  of  shells  found  with  the  cere- 
monial pack,  and  the  thumbs  were  similarly  crooked  down.  Upon  Ibe 
wdeta.  and  also  just  below  the  knees,  were  reticulate  lines,  evidently  de- 
aif;nod  to  represent  plaited  wristlets  and  leg-banda.  Otherwise,  as  I  have 
siiid,  till:  lijiurewas  mule.  H  was  mH  mil  il  our  cxeiivnt ions  were  we'l  »■! 
vauccd  beyond  tlie  middle  sections  ofthc  court  of  the  pile  dwellers,  that 
these  singular  iminted  shells  were  discovered,  since  they  were  closed 
when  found  lis  were  those  in  the  collections  tliat  I  found  under  theses  wall 
at  the  southwestern  margin  of  the  court.  Throughout  the  richer  portions 
of  the  court  which  we  had  already  passed  over,  we  had  ijuile  generally 
encountered  these-  closed  sun-shcHs.  so  many  of  them,  in  fact,  that  we 
had  usually  thrown  them  a^ide ;  since  we  had  regarded  them  as  intrusive, 
IIS  probably  the  remains  of  living  species  that  liad  found  their  way  into 
the  court  atler  itsatiandonmcnt.  Hence  I  have  no  doubt  that  we  missed 
many  treasures  of  this  kind  of  symlKilic  painting  From  the  small  num- 
ber of  specimens  we  recovere<l,  it  is  diflicult  to  surmise  what  could  have 
been  the  purpose  of  these  painteil  shells.  There  is  of  course  no  doubt 
that  tht-y  were  ceremonial  or  sacred,  but  whether  they  were  used  in 
Shamaniaiie  processes  ot  divination  or  not,  it  is  measurably  certain  that 
they  were  rejjanled  as  polent  fetiches  or  amulets,  for  in  the  one  that  con- 
tained the  [Minting  of  the  outspread  band  that  I  myself  found  and  opened, 
a  substance,  which  I  regarded  as  decayed  seaweed,  had  apparently  been 
placed  to  symboli/.e.  in  connection  with  the  flguralive  hand,  creative 
potency  :  for  alfiie  and  the  green  slime  of  the  sea  is  regarded  by  many 
primitive  peoples  as  earth-seed  or  world-substance.  Unfortunately  I  did 
not  sec  the  other  Hhell  until  after  it  had  been  opened  by  Messrs.  Uauseand 
Bergmann  ;  but  hearin<;  their  cheers  over  tiie  discovery,  I  ran  immediately 
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to  the  spot,  and  had  the  good  fortune  to  rescue  it  before  attempt  had 
been  made  to  wash  it  out.  For  although,  as  has  since  been  ascertained, 
the  paint  employed  in  its  delineation  was  made  from  a  quite  permanent, 
gummy  substance  (probably  rubber),  yet  when  first  found  it  was  almost 
fluid,  like  that  on  many  others  of  the  paintings. 

When  I  exhibited  this  specimen  and  the  drawing  of  the  open  hand  to 
Mr.  Clarence  Moore,  whose  interest  in  these  finds  has  been  from  first  to 
last  so  gratifying,  he  kindly  called  my  attention  to  a  concavo-con- 
vex or  shell-like  plaque  of  stone,  found  in  a  mound  in  southern  Illinois, 
in  which  an  almost  identical  figure  of  an  open  hand  was  incised.  In  a 
shell  disc  discovered  in  Georgia,  there  is,  I  have  also  recently  learned, 
an  etched  delineation  of  an  open  hand  containing  an  eye-like  figure  ; 
and  I  am  therefore  the  more  inclined  to  regard  the  sort  of  shell  paint- 
ings we  found  as  not  only  in  a  high  degree  symbolic  and  sacred,  but  also 
as  typical,  and  I  also  incline  to  believe  that  they  were,  moreover,  the 
earlier  fonus  of  the  etched  or  graven  figures  of  the  kind  just  described 
as  found  in  the  more  northerly  mounds. 

As  evidenced  by  the  exquisite  finish  and  ornamental  designs  of  so 
many  of  the  implements  weapons  and  utensils  I  have  described,  the 
ancient  key  dwellers  excelled  especially  in  the  art  of  wood-carving. 
While  their  arts  in  painting  were  also  of  an  unusually  highly  developed 
character, — as  the  work  of  a  primitive  people — their  artistic  ability  in 
relief-work  was  preeminently  so.  This  was  further  illustrated  in  a  lit 
tie  wooden  doll,  representing  a  round-faced  woman  wearing  a  sort  of 
cloak  or  square  tunic,  that  was  found  near  the  southernmost  shell-bench 
along  the  western  side  of  the  court,  in  Section  15.  Near  this  little  figure 
was  a  superbly  carved  and  finished  statuette  in  dark-colored,  close-grained 
wood,  of  a  mountain-lion  or  panther- god — an  outline  sketch  of  which  is 
given  in  Fig.  1,  PI.  XXXV.  Nothing  thus  far  found  in  America  so 
vividly  calls  to  mind  the  best  art  of  the  ancient  Egyptians  or  Assyrians, 
as  does  this  little  statuette  of  the  Lion-God,  in  which  it  was  evidently 
intended  to  represent  a  manlike  being  in  the  guise  of  a  panther. 
Although  it  IS  barely  six  inches  in  height,  its  dignity  of  pose  may  fairly 
be  termed   "heroic,"  and  its  conventional  lines  are  to  the  last  degree 

masterly.    While  the  head  and  features — ears,  eyes,  nostrils  and  mouth 

are  most  realistically  treated,  it  is  observable  that  not  only  the  legH  and 
feet,  but  also  even  the  paws,  which  rest  so  stoutly  upon  the  thighs  or 
knees  of  the  sitting  or  squatting  figure,  are  cut  off,  unfinished  ;  iKTrfr,  as 
it  were,  of  their  talons.  And  this,  I  would  note,  is  (luitc;  in  Hccordancr 
with  the  spirit  of  primitive  sacerdotal  art  generally — in  wliicli  it  was  <vcr 
sought  to  fashion  the  form  of  a  God  or  Powerful  Being  in  suc'li  wisi-  tlmt 
while  its  aspect  or  spirit  might  be  startlin<rly  shown  forth,  thcr  powirs 
associated  with  its  living  form  might  be  so  far  curtaih-d.  by  thi.  in 
completion  of  some  of  its  more  harmful  or  destructive  nienibcrs.  a^  to 
render  its  use  for  the  ceremonial  incarnation  of  the  God  at  times,  sutr. 
DO  matter  what  his  mood  might  chance,  at  such  times,  to  be. 
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Tomo.tlif  remains  Ihat  were  mo8t«ifcnlllci)ii|nralI  diaruvtrrcd  b 
Ihe  depths  of  tlie  uiilFk,  were  tUe  Cftrvecl  nnd  imlnleii  wooA^n  t 
uiid  onJDial  flgiireLcaiK  The  luasks  werv  exc^pl  ion  ally  v 
UHiMlly  ill  reall«lic  re)ira«enlatlon  ol'  human  featurcB,  m 
siKe  ;  hollowt^  to  fll  thn  tafo,  and  [imvidrd  Ht  rllher  std^.  Ixtth  aliotr 
mnd  hclow,  with  Btrlng-hdlca  for  allaehiuent  ihervto.  Sumc  of  thnn 
were  also  bored  al  Imervala  along  the  top.  for  the  ini^rtbn  of  fraihvn  of 
otlii^r  itrnnmRntB,  and  others  wcrr  nrrompnuml  by  thick,  gleamia; 
while  coach-Bhell  eyes  (as  In  Fig.  S,  PI.  XXXIII)  that  mmld  lie  ln»eri«.| 
ur  removed  at  will,  and  which  wore  com-jivr — like  The  hollnweil  auil 
pnllahod  oye-piipll«  in  tho  carving  of  the  nioauiain-lion  god— t<i  tn- 
creaae  their  gWam.  Of  thu'se  t&asks  wk  found  (burtct-n  or  flfWon  falrlj 
well-proaen'nl  apertinRns,  liexides  numcruw  iithem  wUlch  wi-rr  m 
decayed  thai,  aUhou);li  not  lost  to  atndy,  tlit^y  could  nut  hv  rrcovrmt 
The  animal  Sgurehcads,  as  I  have  enlird  them,  were  mnK^nhat  «Dial1et 
than  thn  head*  of  the  crcaiures  they  represenl+'d.  Nearly  all  of  (lirtu 
were  formed  in  pans;  that  is,  the  head  and  farp  of  tf»ph  wan  rarrnl 
frum  a  linKle  blocJc ;  while  the  ears  and  nthcr  aen-Hanry  pnr1«,  and.  In 
caa«  of  the  rpprmentalion  of  Mrda,  ibe  wings,  were  formed  from  h 
rat«  pieces.  Amuug  those  animal  Dgurehttadi  were  those  ot  the  m 
liMither-liHi'k  turtle,  the  alligator,  the  pelican,  the  finh  hawk  at 
the  wolf,  the  wil<l-ciii.  the  hear  and  thu  deer  But  cnriously  enough,  i 
humiiti  iiiiisks  and  these  animal  ligurelicadi'  were  associated  in  the  finds, 
and  l)_v  11  -tudy  (if  Uic  conventional  decorations  or  painted  designs  u|iOD 
thi'nt,  thcv  were  found  to  he  also  very  closely  related  symholicatty.  »* 
though  f'lr  use  liigcther  in  drania1tir!;<c  dances  or  cerenionialii.  On  one 
<iriw<Mic<-a»Linn«  I  found  t he masksand  llgureheadg  actually  huuelted.  ju»t 
an  tlicy  would  have  licen  had  they  thui!  pertained  In  a  single  ceremoniil 
and  had  been  put  away  wlicn  nut  in  use,  tied  or  suspended  logeiluir 
Incase  III  the  iiniinal  Hgnreheads  the  ninvaldv  parts,  stich  nt<  the  ean-. 
wings,  legs,  etc.,  had  iu  some  instances  been  laid  beside  the  represents 
tioni'ol  the  faces  and  heads  nnd  wra|>|>ed  up  with  them.  We  found  twe 
of  tlipseflj^urcliciids — those  of  the  wolf  and  deer — Ihus  carefully  wrapped 
in  liark  malting,  liul  wi-  could  neither  preserve  this  wrapping,  nor  the 
Klri]ip  of  piilmetlo  leaves  or  Hags  Ihat  formed  an  inner  swathing  around 
Ihcm.  The  occurrence  of  these  aniuinl  figureheads  in  juxta|M>silii>n 
to  the  hnuiiiu  masks  which  had  so  evidently  lieen  used  eereniiv 
nially  in  cunni'Cliou  wilh  Iheni.  was  most  fortunate:  for  il  enabled 
iiic  in  rieogni;(e.  in  several  iDAlanecs,  the  inie  meaning  of  the  /'•«■ 
pi<iiit  designs  on  Ihi'  human  masks  thus  associated  with  these  animal 
figures.  I  cannot  :illempl  to  l\illy  describe  the  entire  series,  but  must 
content  myself  wiili  reference  only  to  a  few  of  the  more  typical  of  iheui. 

Near  the  norlhernmost  shell  hencli.  iu  Section  30  of  the  plan  shown 
on   l>t.   XXXI.    w:)s   found,  carefully  bundled  up.  as  t   have   said.  Ibc 
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remarkable  figurehead  of  a  wolf  with  the  jaws  distended,  separate  ears, 
and  conventional,  flat,  scroll-shaped  shoulder-  or  leg-pieces,  designed  for 
attachment  thereto  with  cordage,  as  shown  in  Fig,  1,  PI.  XXXIII.  A  short 
distance  from  this  specimen  was  found  the  beautiflilly  featured  man-mask 
sketched  in  Fig.  3  of  the  same  plate.  Now  both  of  these  specimens  had 
been  painted  with  black,  white,  and  blue  designs,  which  unfortunatel}- 
cannot  be  shown  with  sufficient  clearness  in  the  uncolored  sketches. 
When  I  observed  that  the  designs  on  the  human  mask  represented, 
albeit  conventionally,  the  general  features  and  lines  of  the  wolf  figure- 
head associated  with  it,  I  was  no  longer  at  loss  to  understand  the  con- 
nection of  the  two.  It  will  be  observed  that  on  the  ear-pieces  of  the 
wolf  figurehead,  are  two  well-defined  and  sharp-pointed  dark  areas  repre- 
senting the  openings  of  the  erect  ears,  and  that  correspondingly,  above 
the  eyebrows  of  the  mask  itself,  similarly  pointed  black  areas  are  painted, 
while  the  tusked  open  mouth  of  the  wolf  figurehead  is  also  represented  by 
jagged,  or  zigzag  lines  on  the  mask,  extending  across  the  cheeks  upward 
to  the  corners  of  the  mouth,  apparently  to  symbolize  the  gnashing  teeth 
of  the  wolf;  and  even  the  conventionally  represented  shoulders  and  feet 
of  the  springing  wolf  figurehead  are  drawn  in  clean  white  lines  over  the 
entire  middle  of  the  face  of  this  mask.  It  was  therefore  evident  to  me, 
that  these  painted  lines  upon  the  human  mask  were  designed,  really,  to 
represent  the  aspect  and  features  and  even  the  characteristic  action  or 
spring,  of  the  wolf.  Hence  I  looked  upon  these  two  painted  carvings  as 
having  been  used  in  a  dramaturgic- or  dance-ceremonial  of  these  ancient 
people,  in  which  it  was  sought  to  symbolize  successively  the  different 
aspects  or  incarnations  of  the  same  animal-god,  namely  the  wolf-god, 
— that  is,  his  animal  aspect,  and  his  human  aspect. 

Now  this  association  of  the  animal  figureheads  with  themasks  pre- 
senting their  human  counterparts  was  not  exceptional.  In  another  por- 
tion of  the  court  the  rather  diminutive  but  exquisitely  carved  head,  breast 
and  shoulders  (with  separate  parts  representative  of  the  outspread  wings, 
near  by)  of  a  pelican,  was  found,  and  in  connection  with  this,  a  full-sized 
human  mask  of  wood,  also.  Upon  the  forehead,  cheeks,  and  lower  portion 
of  the  face  of  this  mask,  was  painted  in  white  over  the  general  black 
background,  the  full  outline  (observed  from  above)  of  a  flying  pelican,  as 
may  be  better  seen  than  imagined  by  a  comparison  of  Figs.  8  and  4,  in  PI. 
XXXIII — especially  if  I  explain  that  the  under  lip  and  chin  of  this  man- 
pelican  mask  was  quaintly  pouted  and  protruded  to  represent  the  pouch 
of  the  pelican — in  a  manner  that  does  not  show  in  the  full -face  drawing. 

The  remarkable  and  elaborately  carved  and  painted  figurehead  of  the 
leather-back  turtle  ;  the  large  figurehead  or  mask  like  carving  represen- 
tative of  a  bear — its  face  also  elaborately  painted — and  others  of  the  ani- 
mal figureheads  which  we  found,  were  likewise  paired  or  associated  with 
their  human  presentmentations  or  counterparts — that  is,  human  masks* 
painted  with  pn\ctically  the  same  face-designs  as  occurred  on  these 
animal  figures. 
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The  Sf  mboHc  unity,  or  general  similarity  of  |iain(r«l  de»ipD»  nn  tli<- 
muaka  with  liumsn  features  to  tUe  face  paintings  or  nurkings  ua  Uie  verv 
realistic  animal  fi^reheads  gioaped  or  aBSHciated  witli  tliem,  gars  tar  a 
ni'W  lusight  into  the  meaning  of  mask  painting  in  gencml.  aud  iutu  thv 
nieaiiiogalBO  of  even  simple  fare  painting  as  practiced  an  witlnly  among 
prtntitivc  peoples,  especially  among  such  as  use  masks  in  thoir  ttaticey  or 
otUert^aored  and  dramatic  ceremonials.  That  the  inierpretaliun^  I  sh«ll 
presently  venture  to  offer  may  seem  less  far-fetched  titan  othcrwi*^  llicy 
might  seem,  I  will  explain  a  little  more  flilly,  the  tendency  people>  of 
this  kind  have,  toward  reproducing,  in  iheir  face- pain  tings  ur  upon  Ihrir 
masks,  the  characteristic  marks  or  fealuresof  animat  fkcca.  [  oiiinni  hft- 
trr  do  this  tlian  by  making  a  few  statem  eats  regarding  the  pbllosophyur 
form  I WBB  tanght  whilst  living  with  some  very  primitive  minded  pcopl<>— 
IhL-  Kuni  Indians — some  years  ago.  Since  they  observe  iltat  life  u  ntver 
maiilfeHt  save  in  some  sort  of  form.  Ihey  argue  that  uu  form  is  wiLlioui 
Hume  sort  of  l^fe,  and  sines  they  further  observe  that  each  particular  kind 
of  life  is  manifest  in  some  particular  kind  of  form,  they  argne  thai  form 
etrlclly  conditJona  life— its  powera  aud  Other  characterjstica.  Natunillf . 
therefore,  they  accord  to  forms  (or  rather  to  semblances)  even  of  inani- 
mate things,  such  potencies  as  they  see  manifested  in  the  forniaofilie  ani- 
mate beings  these  things  most  resemble  externally  or  otherwise.  Let  me 
illustrate  this,  They  cooneci  the  wave-,  or  ripple-like  scales  of  fishe*  wttlt 
their  ability  to  live  and  float  in  the  wave-fretted  waters  ;  they  believe  it  i» 
olii.'lly  bcfiiiiKPof  t1iccl(ui<l-IJkcd()W]i  nndiT  or  lu.lwe.'n  Ibe  feather-  of 
a  soaring  I'ird  that  he  is  able  so  lightly  to  tly  among  the  similar,  flutTy  it 
downy  clouds — for  these  of  themselves  like  the  mist  of  living  brealli, 
ever  flout  without  clfort.  To  such  a  people,  of  course,  form,  semblance, 
aspect,  is  therefore  all  important ;  and  Ihey  naturally  think  that  liy  n- 
])riHiiicinR  a  given  form  or  appeatance  which  of  itself  gives  rise  to  a  cer- 
tiiln  cHi'ct,  ihey  may  again  and  unerringly  produce,  or  help  to  reproduce 
Ibc  sMtiic  ettVi'i.  with  Ihe  form  of  their  own  making- 

Tiiiv  SI. rt  111"  rra^oning  about  analogy  between  form  and  function,  br- 
iwi'1'11  ircaiurcs  and  the  phenomena  that  resemble  their  operations,  he- 
[\M'i'ii  aiiiniiits  and  things,  is  only  touched  u)>on  here — just  suRlcienlly  lu 
indii'iitc  tiiiw  a  people  thus  reasoning  further  reason  that  as  the  lives. 
conditions  and  |M>wcrs  of  animals  differ  as  do  their  forms,  so  Ihe  sped 
tic  Iruits  or  characters  of  luiimals  differ  according  asdo  tbeirditferiogas- 
]iccts,  especially  acconliiig  ]is  do  tlie  expressions  of  their  countenances : 
and  linully,  tbitl  since  the  facial  e.xpresslon  of  each  kind  of  animal  is  un 
varying  in  all  members  of  Ihe  species,  and  the  corresponding  trail  ur 
character  of  each  is  equally  unvarying,  they  reason  Ihat  expression  con- 
trols, rather  than  that  it  Is  Ihe  I'esull  of,  character  or  disposition — so  fsr 
at  least  as  these  animaln  nrc  concerned.  It  follows  that  they  believe  llie 
changes  in  the  expression  of  a  tuan's  face  to  be  similarly  effective.  They 
observe  Ihat  his  face  ]>^  far  more  mobile  than  is  ihat  of  any  animal,  and 
hence  believe  thai  he  Is  more  capable  of  changing ;  that  accunling  as  hi? 


mood  rhaniies.  hie  face  cIi&dk^s  ;  &Dd  thef  renson  tliut  tiee  vena  accord- 
ing Bs  his  race  la  cliunged  liU  mood  must  necesiuirlly  change.  Further, 
thcj  hdicvc  tlkal  not  onl;  according  as  hif  face  changes  so  does  bis 
iuoihI  chunice,  but  also  tlial  hiR  IraiU  or  his  entire  character  may.  fbr  the 
time  lieiDg  lie  changed,  by  ahoUi)  atlericg.  with  painl  or  other  inarkiDg, 
with  mask  or  other  dbguise.  the  entire  expression  or  bis  countenance  or 
».'*pi>cl.  Just  as  a  wniihriil  warrior,  with  glaring  eye  anil  drawn  nioutli. 
nnit  alert  or  deUaot  altitude,  resembles  to  some  extent  a  tnountaia  lion 
iir  a  jianthor  at  bay,  so  by  Ibo  painting  upon  his  face  and  uiioti  other 
portions  of  his  person  of  tiie  characteristic  markings  of  the  panther,  be 
Dtay  be  made  to  assume  still  more  fully  the  nature  of  the  punlber. 

Now  when  wc  reflect  that  the  pcoplcfi  who  reason  thus  are  also  in  a 
toteuiic  phate  of  developtiiciit  sociologically — largely  because  they  do 
rc^aiuin  thua-'ihul  they  are  indiued,  each  according  Id  his  tutelary  deity 
or  Ihc  totem  of  bis  clan,  to  emulate  the  animal  (or  supposedly  liring 
plant  or  thing)  that  is  his  clan  totem,  in  borb  betiavior  and  appearance 
ao  far  as  possible— in  order  to  become  so  fiir  as  possible  incarnalMl  with 
his  spirit — we  dnd  one  of  the  many  reasons  Le  has  for  painting  bhi 
fact!  with  tile  aspect,  or  face  marks,  of  some  special  animal.  Moreover,  in 
thin  reaaoiiing  may  be  found  a  primal  explanation  for  bis  ^uppositioo 
that  by  putting  on  u  mask  he  can  more  utterly  change  for  the  time 
bnlng  :  can  even  change  his  totem  or  reialionsbip  ;  can  become,  to  quote 
rem  the  Zufiis,  "That  which  be  thirsts  to  become,"  or  "Desirously 
needs  to  become,  what  tho'  a  (lod."  strictly  according  to  the  expres- 
nion  {and  name)  orasjicct,  of  the  mask  be  makes  and  marks  and  puts  on. 
Thereby,  it  is  believed  that  so  far  as  he  resembles  in  facial  aspect  or  ex- 
pression one  kind  of  being  or  animal  or  another  kind  of  being  or  ani- 
mal, h»-  will  become  thai  being  or  Hulnial,  or  at  least,  be  possessed  by  its 
*piril. 

Nolhing  short  of  a  ftill  treatise  on  tiiis  primitive  pbilaM)phy  ofanalogy, 
and  the  relation  thereto  of  maskoliigy  or  disguise  by  costuming,  paint- 
ing, tattooing,  bodily  distortion  or  mutilation  and  the  like,  as  a  means 
of  becoming  acluatly  incarnated  with  the  spirits  of  ancestors,  mythic 
beings  and  animals,  or  totem  gudi,  would  fully  explain  the  signiflcance 
of  the  bunched  animal  figureheads  and  anlnilstically  painted  human 
maaksthat  we  found.  I  may  add,  however,  that  one  can  see  how  far 
reaching  wan  this  itrimttive  conception  of  [be  life-potency  of  form,  or 
expression,  by  examining  any  sorts  of  ancleut  veasola  that  are  decorated 
vrltb  niaekoids  or  diminutive  representations  of  human  or  iicmihuman 
countenances.  Almost  always  theso  maskoids  —  whether  found  od 
mound-builder  vessel.  Central  American  Jar.  ancient  Peruvian  vase,  or 
BTcn  Etruscan  urn — are  ciiaractenstlc,  acconling  lu  the  style  of  expres- 
aiOD  they  represent,  of  some  particular  kind  or  use  of  the  vessel  they  oc- 
ctiron.  Tliey  have  often.  Indeed,  been  described  as  grotesque!,  caricn- 
Inrea  and  the  like,  usually  without  any  further  explanation  ;  yet  the  ab- 
M>uce  of  a  hiiniorons  conception  or  inlcnt  in  their  porlrayul  in  demon- 
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Ht.ratcil  bf  tUe  tkct  that  if  we  Htndy  the  relation  of  llii!  priniltivr  V4-sm'I>i 
iin  wliich  they  occur  to  olher  thiogB,  with  which,  for  examiili*.  th«y  Htv 
luiinetimes  fouud,  we  ehsll  sp«rilily  discover  that  cttdi  rurlaac  maak 
npon  aucU  vesael  is  but  llie  exaggoraled  expreBsion  of  a  charftrierr  in 
lieing  it  was  Bought  to  iissociatv  in  somo  way — as  by  fixiup  its  iwicncy— 
wiHi  the  "beiog"  and  purpose,  of  the  pot  itself,  and  thit  it  i-^pcciallj' 
iruu  of  vesaeU  tlmigned  for  ceremonial  line, 

A  strikingly  perfect  example  of  the  kind  nf  nnimul  curriiig  I  liavc 
earlier  characterized,  was  tlie  figurehead  of  a  deer,  which  Oau^'e  and  I 
found  near  the  edge  of  the  norlherniuost  of  tlie  sliull  lienvlies  along  ilie 
wr^liTU  border  uf  the  court  (in  Sec.  32.  PI.  XXXI)  It  was  lying.  In  a 
very  natural  position,  on  its  nde.  TIais  steii  in  tlm  midst  uf  the  dsrlc 
muck,  its  light-hued  paiute<l  l[nc»^  vividly  revealed  by  (ronlniM.  its  Urge, 
deep  brown  e.vea  wrde  open  and  lifelike — for  the  pupils  wvre  fornie'l  of 
iwliahed.  t'leverly  inserted  discs  of  lorloise  shell — It  wns  the  iuobI  win 
some  and  benntinil  figure  of  the  head  or  face  of  a  due  or  deer  I  hni  I  hai'i- 
ever  seen,  albeit  so  convcationaliy  treated.  The  illustration  of  Ihis  A^- 
urelieod  shown  in  No.  2  of  Plate  XXXV,  by  no  means  does  justice  lo 
the  graceful  lines  of  the  original  earring,  or  to  the  fineneea  of  tbe  painted 
decorations  thereon,  for  the  view  is  loo  directly  fiill-faced.  The  «ir- 
idcccfl  had  been  attached  to  the  back  of  the  head  by  means  of  cont*  pass- 
ing over  pegs  thrust  through  them  and  Iben  through  bifurcated  boles  at 
the  points  of  atcaclinient  to  the  head-piece,  in  nnch  manner  that  they  rnuld 
lie  iisod  iis  pulleys  for  llie  realistir  workini:  of  Ihesc  piirts  ^  iind  llic  im 
painted  edge,  as  well  as  peg-holes  nil  around  the  rearward  portion  of 
the  head,  plainly  indicated  that  ihe  sklu  of  a  deer  or  some  llexible  sub- 
stitute Iherefur,  had  been  also  iiltuched  to  it,  llie  more  perfectly  to  dis- 
guise^ the  actor  who  no  doubt  endeavored  in  this  disguise  to  personate 
the  character  of  the  decr-gixl  or  diiwn-god,  Ihc  primal  incarnalion  of 
which  this  figure  was  evidently  designed  to  represent, 

A  mask  of  purely  human  form  was  also  found  not  far  away.  Ii  liaii 
evidently  been  associated  witli  the  figurehead  in  such  cereiitonial^  as  I 
have  referretl  to.  At  any  rate,  like  the  figurehead  itself,  it  bad  over  the 
eyebrows  a  crescent -shaped  mark — which  seems,  by  the  way.  to  have 
iK-en  the  fore  head -symbol  of  all  sorts  of  game-animals  amongst  these 
l>coplc,  as  betokened  by  its  presence  on  the  forehead  of  the  rabbit  can'- 
ing  and  of  other  similar  animal  carvings.  It  also  had  the  tapered,  sharjv 
pointed  white  marks  or  (Mtclies  along  either  side  of  the  nose  above  the 
nostrils,  oliservabic  on  the  snout  of  the  deer  head,  and  the  four  sets  of 
three  lines  radiatingly  painted  around  the  eyes  to  represent  winkere^. 
This  hitler  characteristic  in  the  eye-painting  of  the  deer  figurehead,  is 
very  noteworthy  :  for  it  would  seem  that  it  was  intended  to  symbolize,  by 
means  of  Ihc  four  sets  of  three  linex.  not  merely  the  eyelashes  of  the 
deer,  but  also  rays,  of  the  ■'  eye  of  day"  or  the  sun.  This  I  infer  the 
more  unhesitnlinsly  because,  according  to  the  accounts  given  bj-  more 
than   one  early  wviivr  on   Florida,  tho  deer  must  have  been   regarded 
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among  some  of  tlic  Floridian  tribes  as  one  of  the  gods  of  day  or  of  the 
dawn — as  indeed  is  both  the  antelope  and  the  deer  among  the  Zunis. 
In  such  event  they  syiubolized — just  as  do  similar  sets  of  radiating  lines 
around  paintings  of  the  Zuni  sun-god — the  four  sets  of  the  sun's  rays 
that  are  supposed  to  correspond  to  the  four  quarters  of  the  world,  as  well 
as  to  the  four  sets  of  three  months  in  the  corresponding  four  seasons  of 
the  year  over  which  the  sun  god  is  believed  to  have  dominion — since  he 
creates  all  the  days  thereof. 

Not  only  were  the  human  masks  associated  with  their  animal  counter- 
parts, but  sometimes  two  or  more  of  the  human  masks  were  found  in 
one  such  group.  In  two  or  three  instances  we  found  multiple  sets  of 
them.  In  such  case  they  were  superimposed,  as  though  they  had  been  tied 
or  wrapped,  one  inside  of  the  other,  and  thus  hung  up  or  laid  away,  and 
had  fallen  so  gently  into  the  water-court  that  their  relation  to  one 
another  had  not  been  disturbed  thereby.  A  notable  example  of  this 
kind  was  found  in  the  association  of  two  masks^one  lying  directly  over 
the  other,  the  faces  of  both  turned  upward — that  lay  not  far  away  from 
the  turtle-figurehead  that  I  have  already  described.  The  painted  lines 
on  the  lowermost  of  these  masks  were  indicative  that  it  was  designed  to 
represent  the  man-turtle  or  man-turtle  god  ;  whilst  the  lines  upon  the 
superimposed  mask  seemed,  from  their  general  resemblance  to  the  face 
marks  painted  upon  the  bear-figurehead  I  have  also  described,  to  indi- 
cate that  they  were  designed  to  represent  the  same  sort  of  human  pre- 
sentmentation  of  the  bear.  I  am  at  loss  to  account  for  this  singular 
consociation  of  the  two  masks — the  turtle-man  mask  and  the  bear-man 
mask — unless  by  supposing  that  the  ancient  people  who  made  them, 
regarded  the  somewhat  sluggish  turtle  as  the  "  bear  of  the  sea,'*  and  the 
bear,  whose  movements  are  also  awkward,  as  one  of  his  "brother- 
turtles  of  the  land,"  or  that  they  otherwise  mythically  related  them. 

We  found  several  human  masks  by  themselves.  One  was  clearly, 
from  the  length  of  its  sharp  nose  and  the  painted  lines  upon  its  fea- 
tures, designed  to  represent  the  cormorant ;  another,  from  the  oblique 
or  twisted  form  of  its  mouth,  its  nose  awry,  and  its  spiral  or  twisted 
face-marks  or  bands,  as  plainly  represented  the  sun-fish  or  some  other 
slant-faced  fish.  I  regarded  a  third  one  of  these  masks  as  that  of  the  man- 
bat-god.  It  was  of  especial  interest,  not  only  on  account  of  its  associa- 
tions, but  also  on  account  of  its  general  resemblance  to  the  face  of  the 
bat-god  of  night  conventionally  depi(;ted  so  frequently  on  Central 
American  monuments.  Still  another  mask  was  of  equal  interest,  for  it 
represented  unmistakably,  in  a  half-human,  half-animal  style,  the  fea- 
tures of  the  wild-cat ;  and  the  curiously  doubled  paint  lines  with  which 
its  cheeks  were  streaked  downwardly  below  the  eyes,  although  strictly 
regular  and  conventional,  were  singularly  suggestive  of  the  actual  face- 
markings  of  the  wild-cat,  and  thus  enable  us  to  understand  the  signifi- 
cance of  like  lines  that  are  incised  upon  certain  purely  human-faced 
figures  characteristic  of  many  of  the  maskoidal  pipes  from  mounds  of 
the  Ohio  and  Mississippi  valleys. 
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I  would  oui'i'  more  chII  attention  to  llip  association  in  ffrsnpt  or  **U,  at 
tbc  nninial  figiirpliends  and  esppciallyorHic  luUBks,  as  afTnrrllng  still  tar. 
tUer  proof  of  eimllurity,  if  not  identity,  id  key-dwelli-r  an  anil  nuranil- 
builder  art,  and  ais  thus  atTording  also  a  satiHfaolory  cxplMiation  of  c«f-  i 
■tain  poiiita  observable  in  ilellnealions  I  Iibtp  so  oOnn  li«reloforii  rrttmA  .J 
to  as  occurring  upon  the  stiell  gorgets  and  cuppt^r-plalea  of  tllC  Uidwit 
mounds  of  Qeorgiu  and  other  Soulhern  Stuteg.    Almost  always,  in  Ibue 
ddin^'iiiions  of  liie  mytliic  hnman  figure,  it  may  be  observed  thai  whilr 
U]<oa  th«  fkce,  a  mask  is  plainly  portrayed,  y»l.  in  one  ur  uiher  uf  tlir 
hands  is  as  distinctly  represented  another  mask — not  n  liciid.  ns  has  frr- 
quenlly  been  supposed. — and  I  am  therefore  inclined  to  believe  that,  1 
with  the  key  dwellers,  so  with  these  peoples  of  the  ntonnda,  dranu 
representative  of  the  imnsforuiatiOD  of  gods  frotn  sulnial  into  Immia  A 
forui,  and  from  one  liuman  character  into  nnotlier  tiutuun  chancieTi  i 
wi^re  probably  attempted  in  their  sacred  danci-a. 

Such  a  figure  of  the  mound  plates  as  I  hare  described  is  shown  in  14 
'A.  Pi.  XXXT.  of  the  accompanying  illuatralions.    It  is  drawn  ttota  a 
of  the  celebrated  copper-plaies  of  the  ■■  Etowah  Mound  ''  of  Georgia,  % 
and  I  have  reproduced  it  liere  (from  one  of  Prof,  WiUium  H.  Holme'l 
superb  drawings}  not  only   to  illustrate   this  statement  regarding  tba  J 
probable  ceremonology  of  duplicated  masks  in  both  caaes,  but  also  « 
itiustnte  various  other  points  of  dose  aimiiarity  between  the  art  remaiaMJ 
of  the  two  peoples.    The  so-called  baton,  held  in  the  right  liand  of  iM^ 
IlKiirL'  ill   this  pliitc,   may  be   seen    to  correspond    very   closrly  1 
war-club  which  we  discovered  in   the  court  of  the  pile  dwellers,  ami 
which  is  outllnetl  in  front  thereof  ("a,"  of  Ibc  same  figure).     It  may  be 
seen,  too,  that  the  winged  gotl  here  iiorlrayed  wears  not  only  a  Iteakeil 
mask,   but  also  u   necklace  of  oval   lieads.  and  an   eiougnlcd   pendant 
depending  therefrom,  like  those  we  so  frequently  found  ;  an  ear  bullou. 
also  exactly  like  those  we  found  (shown  in  "d"  of  llie  same  figure) : 
that  uround  the  wrists,  arms  and  legs  of  thif  primitive  portrait  are  rep- 
resented reticulate  or  plaited  hands,  as  around   the  wrists  and  legsof 
(he  figure  painted  in  the  sacred  shell  I  have  described  ("h  ''  and  "c  "); 
and  that  finally,  this  character  bears  in  his  left  hand  a  mask,  the  fare 
lines  and  earplug  of  which  as  closely  resemble  those  that  we  aclnaiiy 
found  (as  shown  iu  "e"  and  "f"  of  the  figure)  in  Ibe  court  of  the  pile 


In  lefereuce  to  the  general  significance  of  tliese  obseri-ations 
finds  in  soutliwestern  Florida,  I  must  necessarily  be  brief,  since 
paper  has  already  reached  a  length  that  wiis  not,  when  I  began. 
I  em  plated. 

As  to  tlie  origin  of  the  key -dweller  phase  of  existence,  it  was,  I  tli 
ao  much  influenced  liy  certain  coastal  conditions,  that  a  few  word' 
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the  pliysiograpliy  of  the  Lower  Gulf  section  of  Florida  which  best 
exemplifies  them,  will  not  be  amiss. 

The  Avhole  coast,  even  from  as  far  north  as  Tari>on  Springs  to  the 
extreme  end  of  the  Peninsula,  is  low  and  sandy ;  the  highest  natural 
land  rarely  rising  more  than  a  few  feet  above  high-tide  level,  and 
the  loftiest  dunes  nowhere  reaching  an  altitude  of  over  fifty  feet. 
Geologically,  Florida,  Prof.  W  J  McGee  tells  me,  is  an  extension  of  the 
lowland  zone — made  up  of  later  mezozoic  and  cenozoic  deposits — fring- 
ing our  Atlantic  and  Gulf  coasts,  and,  as  one  of  your  Secretaries,  Dr. 
Persifor  Frazer,  also  states,  reappearing  in  several  of  the  Antilleau 
islands.  Especially  do  the  prevailing  formations  of  Florida  resemble 
those  of  the  Peninsula  of  Yucatan.  They  are  of  very  pervious  limestone, 
and  from  above  the  region  of  Charlotte  Harbor  southwardly,  are  inter- 
spersed with  phosphatic  beds,  also  of  organic  origin.  But  whether  indu- 
rated,as  are  the  low^ermost,  or  less  solid  as  are  the  more  superficial,  these 
formations  are,  like  the  overlying  soil,  excessively  sandy.  Hence  they 
are  not  only  pervious,  but  also,  very  soluble  in  the  acids  of  fresh  surface- 
or  rain-water.  One  of  the  consequences  of  this  is,  that  areas  of  varying 
extent  and  in  lines  generally  parallel  with  the  courses  of  the  open  rivers 
and  inlets  of  the  country,  and  of  their  tributaries,  are  subject  to  under- 
mining by  these  corrosive  processes  ;  have  fallen  in,  forming  first  deep 
lakes,  then,  as  these  in  time  have  become  filled,  morasses,  in  the  central 
lagoons  of  which,  through  the  peculiar  habits  of  alligators  and  other 
aquatic  creatures,  circular  mud-banks  have  been  thrown  up,  becom- 
ing cypress  islets,  and,  finally,  the  foundations  of  hammocks,  or 
marsh-keys  like  those  of  the  Anclote  region — built  there  by  man  in 
later  ages.  Everywhere,  too,  along  the  lines  of  narrower  subterra- 
nean rivers  formed  by  more  restricted  dissolving  away  of  the  under- 
lying formations,  series  of  perfectly  round,  hopper-shaped  sinks 
occur,  seemingly  fathomless,  containing  pellucid  or  deep  green  water, 
and  reminding  one  measurably,  not  only  of  the  round,  artificial  drainage 
basins  of  the  keys,  but  also  of  the  more  natural  (and  in  some  ways 
identical)  <;enotes  or  ancient  well-caves  of  Yucatan  and  other  portions  of 
Central  America. 

Not  to  enter  as  fully  as  I  ought  into  a  discussion  of  the  physiography 
of  this  inner  portion  of  the  coast — so  suited  to  settlement  by  a  people 
like  the  key  dwellers,  when  they  came  inland — I  may  say  that  the  con- 
ditions described  render  the  whole  region  peculiarly  unstable.  This 
has  been  especially  true  of  the  actual  coast.  Everywhere  it  is  indented 
by  such  tidal  inlets  as  the  Manatee  and  Pease,  or  their  sluggish  inland 
extensions  called  rivers,  like  those  of  Anclote,  and  those  that  put  out 
from  the  north  and  east  of  Charlotte  Harbor,  and  those  which  every- 
where radiate  sinuously  in  the  same  general  directions,  from  the  great 
indentation  or  bay  that  contains  the  Ten  Thousand  Islands.  In  a  land 
80  broken  and  low  as  this,  the  hurricane  has  wroujjjht  continuous  change 
offshore-line,  and  'tis  but  natural,  too,  that  its  coast  should  be  skirted 
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by  wide  reefs,  parullelml  by  long-rpacliiag,  sea -en  closing,  imrrow,  tidr- 
Hiid  wind-tieape<l  suiid-UIunds  sudi  its  klread;  desuribed  :  and  tliKi  >U  lu 
liilhur  aliores  should  be  ncnrly  tide-low,  tmfersecl  by  forhldding 
mnroheB.  und  Tringcd  by  aliiioxl  iiupcnetrable  swainpB  >^I'  iryjirpw  »d<I 
iiiuugruTus.  Even  the  luimlhs  iit'  its  creeks,  rivers  uud  inlets,  aru  slitfl- 
iiig  >nd  ireaclierous,  aud  am  nlsn  filled  wilh  aboalii,  alniiMt  if  acii  qiilie 
u\po8ed.  at  low  tide.  As  u  consequence,  upproaeli,  even  in  ligbl  tnifl,  h 
— enve  in  Bpeclnl  places  sundered  by  inftny  milee  of  unnavigalilr  ihftl- 
lows — wellnigh  Itiiponeible.  I  regard  this  feature  ae  Laving  had  a  |ir«- 
liimderaling  inQuciice  in  CBUsing  Ihe  ancient  key  dwcll<-r» — whcUier 
ibey  were  derived  from  Ibe  mainland  or  whether,  a»  I  have  reai>oo  lo 
Ihink,  they  were  alien  comers  to  Ihese  gliores  from  eome  dislunt  regiuo 
over  Ihe  sea, — to  locate  as  Ihcy  did.  out  in  llie  miilst  of  Ibu  open 
waters. 

Again,  no  waters  in  Uie  world  so  teem  wlih  foml-pmlndng animaJs 
— uiollUHka,  flshes,  ernalavua  and  turtles — as  do  these  water*  nf  the 
lower  Florida  Onlf-cnast.  Yet  to  ii  people  dwelling  inland — save  in 
Hiu:h  favored,  f)ir-sundered  sections  of  the  country  at.  t  liBTumention«(l— 
thiH  abundance  would  be  all  but  valueless,  in  consetiueuue  of  the  diffi- 
culty of  shoreland  navigation.  What  wore  natural,  tlieo,  tlian,  as  1  have 
endsavored  t^  picture  in  earlier  chapters  of  tliis  papar>  that  lluwe  pm- 
pl«8  should  liBv«  followed  the  example  of  the  pelican  and  i.'ami<>r«iil,  ud 
located  their  stations  for  food-wlnninfE,  and  Anally  their  dwelling* 
[.l.ici;s  llifnisr.lve»,  ont  in  the  liiiilsl  nl' the  liHVijrHhle.  hiil  Mill  not  U-< 
deep,  sborehiiid  bi-hs;  That  they  did  so,  iiges  and  ages  ago,  is  unque*- 
lionable.  That  the  struclnres  which  Ihcy  reared,  more  or  less  modified, 
ill  many  cases,  the  i\irlher  ilistrlbulion  of  shoals,  sand  reefs,  tidal 
swamps  and  Ihc  lowlier  of  the  Tringing  islands  themsclvcK.  is  also  an- 
i|UCHlionable — iis  I  iiiighl  prorced  to  show  by  entering  into  «  discnssioo 
of  the  results  of  my  in  vest  i  gal  ions  of  certain  of  the  keys  that.  aithouRli 
once  free  islets,  are  now  connected  with  the  capes  of  Ihe  outer  islands; 
and  of  certain  others  that  have,  in  I'act.  been  almost  buried  in  sand-drift, 
as  was  the  KIlis  Sclllcment.  But  snitlce  it  if  1  say  thai  not  only  have 
wide  slri'lchcs  of  >iindy  shoiils  drifted  up  between  nil  the  humanly  con- 
structed reefs  of  the  olderi  time  that  lie  near  the  land— especially  those 
to  the  south — hut  also,  llial  wide  mangrove  swamps  have  grown  up 
around  them,  as  anioiii;  llie  Ten  Thousand  Islands,  evidencing  Ihe  vssi 
antiquity  of  the  carliL'st  key  building  and  key-builders  here. 

There  are,  however,  other  evidences  of  great  antuiuity,  more  directly 
of  interest  to  iis  us  anthropologiats.  dne  of  lliete  evidences  is  manifest 
in  Ihe  character  of  the  art  displayed  on  all  of  tlie  more  finished  objects 
we  found  in  the  keys  ;  for  thi'.^  was  of  a  highly,  and  al  the  same  lime  dis- 
linclively  I'onventional  kiiici.  Now  I  scarcely  needstatc  of  primitive  arl- 
lornis,  ilial  w  herevcr  they  liiive  oiiviously  originated  and  have  become 
highly  i'onveiiliona1i'^e<l  in,  and  yet  are  si  ill  recognizably  chaiacleriatic  of, 
a  jieiiiliiir  rrgion— io  tin-  di-yrei-  in  whieh  thoscof  this  art  were  character- 
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istic  of  the  environment  we  found  them  in,  they  are  the  product  of  a 
very  slow  growth.     Certainly,  while  this  art  of  the  keys  may  not  have 
been,  nay,  was  not,  altogether  of  a  strictly  local  origin,  it  was  in  the 
main,  of  a  kind  which  one  might  expect  to  find  developing  or  developed 
in  such  an  environment.    Everywhere,  for  example,  evidence  of  the 
influence  of  shell,  shark-tooth,  and  other  sea-produced  materials — used 
as  implements  in  the  working  of  wood,  bone  and  horn,  and  of  shell 
itself— could,  as  I  have  shown,  be  traced  here ;  and  had  plainly,  as  I 
have  also  shown,  given  rise  to  special  ornaments  on  particular  parts  of 
things  thus  made.  But  the  point  of  interest  is,  that  these  ornaments  were 
not  only  conventional,  but  tliat  they  had  already  become  conventionally 
specialized  ;  were,  many  of  them,  indeed,  so  highly  conventionalized  and 
thus  so  specialized,  that  except  for  the  completeness  of  our  series,  they 
could  not  have  been  traced  to  their  simple,  incidental  origin  in  the  kinds 
of  tools  used,  modes  of  working  employed,  and  materials  worked.     I 
have  said  that  this  kind  of  conventionalization  in  art  and  localization 
of  decorations,  is  of  exceedingly  slow  growth.    This  is  because  genera- 
tions, if  not  ages,  are  required  for  the  radical  modification  of  a  single 
specialized  ornament  on  any  particular  part  of  a  specialized  tool  or 
implement,  weapon  or  ceremonial  appliance,  among  primitive  peoples ; 
owing  to  such  peculiar  conceptions  of  the  meaning  and  potency  of  form 
as  I  have  already  discussed  in  its  relation  to  ceremonial  objects,  and  will 
presently  again  refer  to  as  particularly  relating  to  things  practically  used. 
By  way  of  a  single  example,  I  may  instance  the  circular  obvolute,  or 
navel  ornament  (as  I  have  called  it),  in  its  relation  to  the  ends  of  the  hard- 
wood handles  of  certain  classes  of  tools  in  the  collection.   I  have  referred 
to  this  as  having  been  derived  directly  from  the  double  spiral  or  obvo- 
lute observable  on  the  cut-off  apices  or  ends  of  conch-  or  busy  con -shells 
and  other  univalvular  shells.    I  have  also  suggested  that  the  use  of 
klngfish  jaws  and  shark -tooth  knives  in  girdling  sticks,  by  a  process  of 
cutting  around  and  around  the  sticks  always  in  the  same  direction,  with- 
these  sharp,  yet  jagged  tools,  produced,  as  shown  by  many  specimens  in 
the  collection,  rough,  spiral  rosettes  at  the  ends  of  the  sticks.     Now 
when  the  sticks  were  severed  in  the  same  way,  but  first  from  one  side 
then  the  other,  the  figures  produced  at  the  ends  of  them  strikingly 
resembled  the  involuted  spirals  at  the  ends  of  the  worked  shells.    Thus, 
although  the  figure  when  associated  with   purely  ceremonial  objects 
doubtless  signified  the  "  navel  "  or  "middle  " — as  earlier  suggested — yet 
it  came  to  be  associated  also  with  the  ends  of  the  handles  of  tools  the 
working  parts  of  which  were  made  of  the  columellHe  of  shells  on  the 
ends  of  which  it  naturally  occurred.   Thus,  for  mythic  reasons,  the  figure 
was  doubtless  considered  not  only  appropriate,  but  even  essential  to  the 
handle,  no  less  than  to  the  shell  armature  of  such  a  tool,  in  order  to 
harmonize  its  parts,  to  give  potency  or  eflVciiveness  to  it  as  a  whole. 
So  too,  with  the  radiate  or  rosette  figures  found  on   the  ends  of  very 
small  handles  made  from  saplings.     It  was  observed  that  when  suitable 
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MgtliugB  were  cut  off  gqaarely  and  siifflciently  smootlinl,  Itttle  c 
lines,  9uch  as  one  may  see  on  the  sawed-off  end  of  a  AMUtonocI  artdk,^ 
alwnys  appeatcd,  radiating  from  the  heart  toward,  bul  not  i|Uile  to.  lb* 
cireu inference  of  the  severed  segment.  Thas  the  figure  Cftm*'  to  lie  i-Kag- 
gcrnlcd  decii rati vely.  and  atisocia ted  with  Ihi!  eiidof  anutht^r  s[>e«iBl  klad 
of  working  tool  and.  for  like  mythic  reasons,  was  retained.  The  iitep* 
by  wliicli  tlieae  originally  half-natnnil  or  Accidental  markings  liprunc 
developed  as  decoraiioDR,  then  localt/^d  on  »peeUl  tnul-haudles.  and 
iheu  tM)  characleriBtic  of  special  types  of  tools  aa  tn  be  lalmriowaly  repro- 
duced even  fn  other  material  than  wood — like  ihe  horn  and  bone  MmC' 
times  substituted  therefor— could  only  liavc  been  tnhcn  ri-ry  slowly. 

Siill  more  confidently  may  this  lie  affirmed  at  the  art  displayed  on 
ohjeois  lesH  evidently  of  local  origin,  for  tlicy  ilhistrett^d  an  et|uB!l)' 
slow  and  much  longer  continued  process  lu  the  development  of  conrcn- 
lionnl  art.  that  of  survival — ns  on  the  box-tnbleta  described:  which, 
heing  no  longer  held  together  with  double  cords  or  slmndB  laibed 
around  them  and  tied  over  their  middles  with  square-  or  reef-kuuls 
(double  figure  of  eight  knots)  had  come  to  be  secured  with  gum  and 
pegs,  yet  must  Hiill  he  mythically  lied  with  p/tinttd  slrands  and  knots  m 
imitation  of  the  "good  old  way."  In  this  connection  I  would  ac:ii> 
refer  to  the  superb  celt-liandle,  llie  decorations  on  which  were  so  r«y 
highly  conr«nlionaUxed  and  so  modified  by  the  IntroduoUon  nf  shell- 
volute  figures  and  of  certain  eye-marks  derived   from  knots  (the  one 

the  other  im  the  crooked  adzu  handles,  as  shown  in  Fig.  2.  Plate  XXXIl), 
that  it  was  with  difflcully  the  main  lines  and  bands  on  the  sliafl  and 
head  could  he  recogni/.ed  nt  all.  as  survivals  of  the  wrappings  or  bind- 
ings on  simpler  und  earlier  forms  of  this  kind  of  instrument. 

If  these  forms  of  dcfonilions  on  tools,  and  their  association  with  spe- 
cial parts  rhtreof — whether  of  exiraneous  or  of  aniochonous  origin,  pos- 
sessed as  Ihey  were,  of  so  high  a  degree  of  conventionalization— were 
of  great  age  in  developmcni.  thix  must  to  a  much  greater  extent  have 
been  the  case  with  the  yel  higher  degree  of  convenlionaliEation  shown 
in  the  repreaenlntion  of  face  and  body  marks  on  animal  carvings  and 
paintings  in  llie  culleclion.  In  the  drsi  plat-e,  these  marks  on.  fur  in- 
stance, the  faces  of  the  figureheads,  were  not  irregular,  as  they  are  seen 
lo  be  on  the  faces  of  the  natural  animals  they  represented.  While  the 
formsof  these  flgnreheads  were  realistic  to  a  degree,  the  painted  or  incised 
face  marks  were  remarkably  conventional,  regular,  and  almost  perfectly 
symmetrical.  That  is.  stripes  were  represented  as  clean  hands,  patches 
or  spots  as  neat  circles  or  figures,  sometimes  elaborated  into  highly  or- 
nate curvcil  devices.  Vet  as  a  whole,  these  painted  or  incised  face  mark- 
ings were  so  distributed  and  contrasted  as  to  look  slartlingly  natural 
when  seen  ul  a  distance.  To  give  an  idea  of  the  great  degree  of  conven- 
tionalization thus  attested.  [  have  only  to  stale  that  this  kind  of  highly 
artificial  and  unuile  representation  of  the  face  markings  of  animals  tw- 
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tokens  an  attempt  on  the  part  of  the  primitive  artist  to  represent  the 
ideaUj  the  perfect  ancestral  types  or  spiritual  archetypes,  of  the  animals 
portrayed — for  it  is  supposed,  as  is  told  in  the  numberless  beast-tales  of  his 
people,  that  the  present  animals,  descendants  of  these  great  and  perfect 
ancestors,  have  been  changed  by  their  own  deeds,  their  disobedience  of 
the  gods,  their  strifes  and  what  not,  and  that  thus  their  countenances  are 
distorted  or  besmirched,  and  fixed  so  in  token  of  their  rashness  or  mis- 
fortunes in  creation  time.  So  this  kind  of  conventionalization  represents 
myth,  as  well  as  art ;  both,  developing  and  interacting  uninterruptedly 
throughout  a  very  long  period  of  progress  in  a  given  organic  environ- 
ment. If  this  be  true  of  the  style  of  the  art,  it  is  doubly  true  of  its  sym- 
bolic specialization.  For  it  has  been  seen  that  in  case  of  the  figures  of 
timid  creatures — game-animals,  like  the  figurehead  of  the  deer,  the  carv- 
ings of  the  rabbit  and  other  creatures  of  the  kind — all  were  character- 
ized by  a  crescent- shaped  device  on  their  foreheads.  Thus,  this  conven- 
tional mark  was  not  merely  that  of  an  individual  representative  of  the 
species,  but  it  was,  so  to  say,  a  generic  mark,  representative  of  several 
species  of  the  same  general  kind.  This  is  further  shown  by  the  fact 
that  another  special  kind  of  marking  was  equally  characteristic  of  animals 
of  prey — of  the  wildcat,  the  panther,  the  bear  and  their  kind.  In  the  carv- 
ings  of  each  one  of  these  fierce  creatures,  the  outlines  of  the  eyes  were  not 
only  sharply  pointed  in  front  but  in  each  case  terminated  behind  in  three 
sliarp  triangular  lines  or  marks  pointing  backwardly,  and  giving  to  the 
face  of  the  animal  figure  a  peculiarly  crafty,  yet  sinister  look.  That  this 
too  was  a  generic  mark,  is  still  further  indicated  by  the  fact  that  it  oc- 
curred also  upon  one  of  the  human  masks  corresponding  to  the  figure- 
head of  one  of  these  fierce  creatures.  Now  in  this  generic  kind  of  mark- 
ing we  have  not  only  a  still  higher  art  development,  but  also  a  very 
much  higher  mythic  development  betokened,  since  it  indicates  that  these 
ancient  peoples  regarded  the  game-animals  as  of  one  great  family  or  de- 
scent, and  the  prey -animals  as  of  another  great  class  or  lienage,  and  that 
they  were  thus,  in  a  way,  naturalists  of  no  mean  order. 

The  interest  of  the  significance  of  this  particular  sign  of  the  eye  as 
pertaining  to  or  symbolizing  prey -beings,  is  enhanced  greatly  by  the 
further  fact  that  upon  many  of  the  exquisitely  finished  and  highly  con- 
ventionalized carvings  of  the  heads  of  these  kinds  of  beasts  (and  of  the 
faces  of  warriors  or  men  wearing  masks  animistically  corresponding  lo 
them  as  well)  that  are  found  so  frequently  in  the  mounds  of  the  Missis- 
sippi Valley,  of  Tennessee  and  even  of  Ohio,  precisely  the  same  conven- 
tional marking  or  barbing  of  the  eye — as  though  it  were  set  in  the  figure  of 
a  stemmed  and  barbed  arrow-point  to  make  it  "piercing" — isobservable. 
Thus,  through  a  study  of  the  conventional  treatment  of  such  figures  here 
in  the  keys  of  lower  Florida,  we  not  only  arrive  at  an  understanding  of  m 
new  meaning  of  these  figures  or  lines  around  the  eyes  of  maskoids  and 
head-carvings  found  in  the  far  away  north  (namely,  that  they  represent 
anUnals  of  prey  or  their  human  counterparts),  but  we  also  see  that  the  same 
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urt  WOE,  in  liieHc  widely  sepanted  regtons,  ho  iilentlcat  in  ttiic  p«rtifUlir, 
1liat  we  c&nnol  bat  asHgn  to  it  a  liagle  fUllunl  uriEili.  Tlittt  is.  up 
must  look  upon  it  as  having  c)rigiiinled  in  one  or  llic  othrr,  llui  nnnhcra 
or  the  aouthern  porlkiD  of  the  area  througliout  wUicli  It  was  so  gf  ncrallf 
distrlbuii.'d  ;  as  hnving  spread  IVotn  that  singl<*  ci-nlre  In  the  one  or  ib« 
oilier  direction.  Kow  the  bulk  or  evidence  al  liand  Tavurs  Ilip  belief  tliaC 
the  place  of  origin  of  the  peeuliaritieB  I  have  noted,  was  here  iu  Ihe  fet 
sonth :  probabt]'.  among  the  lieys. 

Be  this  for  the  luomeni  as  it  mny,  the  enormous  distahL-(^  1o  which 
these  chiinictcriBtie  art  forniB  had  spread  after  long-continued  and  fUtI 
developnient,  muat  have  required  a  slill  more  ennnnoua  length  of 
time.  This  is  a  (Virtheranda  much  more  impresBive  indicatiou  uf  thvver}' 
great  antiquity  of  the  art  in  qneslion.  For  tlie  spread  of  special  an 
forms  in  deflnilc  relation  to  particular  implements  or  flgures  io.  aiuouu 
primiiive  peoples,  iiol.  an  fVeqtieot  or  facile  ns  te  UBualljr  supposed  :  and 
when  in  rare  eases  it  does  occnr.  it  is  effected  with  exceeding  slownec. 
We  may  account  for  Ibe  spread  of  arts  among  priniilive  peoples  in  twu 
ways ;  first,  by  barter  and  inlercuurse,  conquest  and  adoption ;  or. 
second,  by  aelnal  derivation  or  descent ,  that  is,  by  aciuai  spreading  I" 
a  greater  or  lesser  extent,  uf  the  people  atuong  nrhom  the  art  prcroiU 
and  originated,  Wlitle  we  may  Uold  that,  in  the  wide  diSbaion  of  orli 
n  alike  to  the  Iteys  and  the  monads,  bolh  of  these  cstises  acted  to 
It.  still,  if  we  consider  a  little  further  Ihe  way  In  which  artm 
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ai  a  more  definite  understanding  iif  the  ijuestion  as  to  which  of  tbe  twn 
causes  above  stated  was  the  [uore  active,  and  as  to  wliellier  the  arl 
traveled  from  the  Gulf  northward,  or  I'nmi  the  norlh  southward.  First. 
then,  the  mere  fiict  that  early  i>eoplcs  iitlribule  to  distinctive  forms  |mi- 
ti<*uhir  evistetiees  and  potencies,  indicates  that  one  people  would  be 
slow  to  a<lopt  unchanged  from  another,  an  unaccustomed  form,  even  ■>] 
so  simple  ii  thing  as  un  implement,  and  especially  as  a  weapon  or  a  een'- 
mnnial  olijcrl  ;  sinee  tlie  unaccustomed  form  of  the  lirst  would  be  su|>- 
posed  bylhem  to  render  it  inellicient  ;  of  the  second,  unsafe;  and  or 
Ihe  third,  diabolical :  while  all  would  be  held  tobennsuiied.  becausennre- 
lated  to  themselves.  It  must  be  constantly  borne  in  mind  that  these 
ancient  thi-nrisl!!  believed  their  implements  and  weapons  and  amulets  le 
lie  alive,  and  ftdt  thiit  the  powers  of  these  things  were  not  only 
strenglheneil,  but  were  also  restricted  lo  or  rendered  safe  for,  special 
nseK,  as  well  ai^  made  to  be  related  to  iheir  mukeri,  by  their  forms  or  by 
the  decorations  or  figures  placed  upon  them,  especially  when  these  were 
higlily  synibolie.  Il  is  for  this  reason  more  than  any  other,  that  priuii- 
tive  peoples  cling  ko  to  forms,  and  are  so  chary  of  borrowing  new 
forms  of  implemcnis  or  weapons,  etc.  When  lliey  do  Iwrrow  the 
faKhions  of  such  things,  they  proceed  at  onee  to  cover  or  invest  them 
with  the  peoidjar  decorative  or  symbidic  devices  ttiiil  they  art  ncciw 
fiiuii'il  lo  assoeiale  with  the  same  kindi  of  tilings  in  time  honored  u 
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among  llieiiKU'lvos.    It  is  chiefly  line  to  lIiU  l^ndeacj  tliui  we  liave  ki>|il 
iiiviulaie  (at  iw  everywhere  in  the  primitive  world,  sijiwaim  the  relics  wp  , 
flnil,  of  what  h)iv«  becD  teroied  cultural  areas  or  Areas  nf  art  character- 
ization.    Anil  Bi).  whiir  the  extensive  and  lnnj;-conIinneii  inlcrconrse  In 
tlie  bnrtiT  of  tlie  I'ar-BontherD  peoples  ol'  Florida  and  the  keys,  with 
more  northern  peoples  (which  is  so  positively  imlienteii  by  the  occar- 
rencc  in  the  northern  moundx,  of  goi'gL-ts.  eir. — not  only  derived  fVom   ■ 
species  fonnd  nowhere  else  than  in  these  Gulf  regions,  bill  also  treated   I 
in  precisely  the  sitnie  conventional  niannor),  will  account  for  mnch  in   ^ 
this  spread  of  identical  art  forms,  nevertheless  it  does  not.  I  am  inclined 
to  ihinli.  ejtplnin  the  whole.    To  say  for  the  moment  nothing  farther  of 
the  great  variety  ot  art  forms  wliich  almost  eerlsiniy  took  their  origin 
in  the  region  of  the  keys  or  in  some  other  Gulf  region  where  a  life  of 
siniilar  kind  was  naturally  or  necessarily  followed,  and  whicli  are  also 
JViiiod  thronghiini  the  mound  area,  I  may  call  attention  to  a  single    \ 
point  atnong  many — llio  evidence  afforded  hy  the  tcm peri ng-inate rial  of  i 
pottery.   Almost  always,  the  pottery  of  sea-dwelling  i>eop]ee,  in  region*    j 
where  clays  of  surli  kind  as  require  tempering  occur,  is  tempered  witii   i 
otlcined  and  cniHhed  shell.    In  an  article  on  "The  Germ  of  Slioreland    I 
Poltary"   (printed  in  the  Mtmvir*  of  tbt  liittmational   Goagrt»i  of   1 
AnlhTopology.    pp.   21T-2&4.    Chicago,    The    Rchnlte    Puhllshing   Cora-     I 
pany.  1804),  1  have  end^nvored  to  show  why  this  Is  so,  and  was  at  first     ' 
natumlly,  if  not  inevitably  so.     Now.  wherever  llie  art  forms  [  am  dis- 
cussing are  found  in  the  mounds,  even  at  fUr  inland  points,  the  potteries    < 
of  these  same  mounds  are  commonly  tempered  with  shell,  notwitlistand- 
ing  the  fact  that  in  the  more  inland  and  iiurilierly  regions  of  the  mounds 
snrh  kind  of  tempering  liad  to  be  supplied,  a1   great  labor,  from  ft'esb- 
waler  species  of  inollnsks. 

There  arL>,  however,  various  additional  reasons,  It  seems  to  me.  forsup- 
tioalng  that  this  art  spread  northwardlyfronia  southern  sea -environment 
— not  so  mncli  by  barter,  as  by  actual  movement  landwardly  and  north- 
wardly, of  the  culture  and  to  some  extent  of  the  peoples  themselves  of 
these  southern  sea-land  regions.  One  of  tlieae  reasons  rests  in  the  very 
liroad  distinction  that  we  may  make  between  the  sea-shell  art  of  tlie 
mounds  and  the  sea-ahellartof  other  and  more  northerly  regions,  equally 
»»  Ikr  inland  from  the  sea.  There,  objects  madefrom  sea  shells  are  abun- 
dant, It  la  true,  but  they  are  in  general,  obviously  of  a  more  purely  decora- 
tive or  valuaiive,  tlian  of  a  symbolic  character.  This  was  the  case,  for 
enmple.  with  the  famous  wampum  of  Krw  England  and  the  Middle 
Atlantic  States,  prized  for  tlie  high  value  of  the  far>dcrived  material  of 
wblch  it  was  made,  more  than  for  Its  supposed  sacred  oraneeslral  iiuali- 
tieai  whenws.  the  greater  number  of  the  shell  cups,  gorgets,  and  other 
shell  articles  found  in  the  mound  region  pro |ier.  retained  the  identical 
pristine  symbolic  ciiaracter  and  association  they  naturally  had  on  the  , 
aenaboro.  Xow  It  h  not  easy  to  see  how  this  cntild  have  been  the  case 
had  the  peoples  of  ihc  mound*  origimied.  nr  rniUer  lind  ihoir  cullure, 


cuKtoms  and  nrt  originnted,  in  Ilii>  u'lrtliern  or  inliiod  ri-gmn.  uiil  pro- 
ceeiloii  Uience  to  ihe  sea. 

I  would  again  mention  llie  wi(l«  prevnlt-nco  in  the  keys,  of  lUe  ilbtlQCI- 
ively  conventioDal  treatment  of  rarvwi  antl  incised  work.— whellier  on 
8liel1,  bone,  or  stone, — illustrated  by  «i  miny  speoimtfus  lu  our  rol)«'tt(ia. 
in  c'ouueclion  with  its  Almost  etiiiallr  wide  pr«vnlMice  an  liguiTB  found 
in  the  mounds:  which  ari-vogite  Was,  it  would  ttee  in,  more  at  home  in  tlie 
keys— more  in  aecordftnce  with  a  eenside  envlroumeiit  tlutt  nppnt*  to 
hav«  originated  these  ainvrntlouBl  fonu^nnd  UTodes  of  trenlnirnt — iIihd 
in  the  lands  of  the  north.  The  identity  of  coAltimo  ro prune u ted,  luo, 
in  the  case  of  the  painted  ihdl  as  coiuimred  with  incised  shell  gorgrt* 
and  embossed  copper-pUtes  of  Tunnrasfe  uid  Qoor|i;is.  1b  obvUta».  u 
may  be  seen  by  reference  to  the  single  illUBlIUtion  herewith  furnkshnl 
in  PI.  XSXV,  Pig.  3. 

It  is  Rlgniflcxnl  that  the  forms,  an  well  tu  the  surface  dF«orB(iou>  of 
the  potteries  which  we  found  sotncwliHl  inland,  in  the  morr  iinrihrrly 
region  of  Tarpon  Springs  and  of  the  Andote  (»nd  IliU  apptiofc  «]m  to 
shore  laud- like  eKamples  of  pottery  that  I  have  »een  fmm  th«  Blill  fhr- 
ther  Interior  and  more  norllii-rly  portions  of  Florida,  and  rven  ftnm 
wMlern  Oeorgi:*j  were  in  many  ways  distinctively  an<l  ladisputably 
derived  ft'om  precisely  sueh  gourd- and  woodenwArc  nnd  «hell-sbap<id 
veasels  and  utensils  as  we  found  in  the  keys.  It  was  thus  obviously  Ui< 
iwttery  of  a  people  who  had  been  accustomed  to  use  gourd-shclli  and 
ivo»ri,  more  thim  clay,  for  the  miiktnc  of  their  vc«t-U.  nnd  not  only  s... 
but  to  use  wooden  vessels  thiit  liad  been  made  with  eulting  implemenl::' 
of  shark-teelh  aud  shell.  This  whs  clearly  evidenced  in  the  hachured 
surfaces  of  so  many  of  the  vessels  ;  in  the  reticulated  surfaces  of  others 
of  them — which  represenled  the  end  pralnings  of  wood— and  in  llif 
line,  convoluted  or  concentric,  stami>ed  or  incised  designs  obviously 
<lerived  from  curly-grained  wo<h1  or  i>addles  made  thereof,  which  char- 
acterized the  "urfare  decoralion  of  so  much  more  of  this  pottery.  Wlien 
we  add  to  this  Iht- fact  that  here  In  the  North  and  id  the  interior,  the 
points  of  many  bladcEt  of  dint  were  made  not  only  in  the  usual  lancenUtr 
or  leaf-sbaped  form,  but  also  in  the  asymmetrical  form  of  shark's  leeih, 
Lcn  L-vt-n  cxiiuisilcly  polished  stone  adzes  were 
1  imitation  <if  naturally  curved  shell  adKcs — such 
iiid  in  llii-  keys — it  is  perfectly  evident  that  the 
in  Ibe  marshlands  bere,  the  hammocks,  and  built 
ke-eiiiinlcd  mounds,  were  originally  a  people  iif 
inland,  wi're  a  people  who  had  once  lived  as  tlie 
inland  mounds  in  Ibe  sea  or  its  shoals,  here  using 
K'ir  anccMors  liad  Ibere  used,  and  carrying  ances* 
I  :ind  of  uiensils  down  from  generation  to  genera- 
I  iutoihc  land. 

■n tared  (r)iiiivuiite  heretofore,  in  regard  totberela- 
!i  the  sea  to  inonnd  building  on  the  land   strongly 
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supports  the  evidence  just  adduced  as  afforded  by  the  correspondence  of 
these  potteries  and  other  art  remains  from  mounds  in  the  North,  to  the  art 
types  of  the  keys  in  the  South.  No  other  theory  of  the  origin  of  mound 
building  in  general,  thus  far  advanced,  especially  of  mound  building 
as  it  was  practiced  in  the  Mississippi  and  Ohio  regions  and  all  through 
the  Southern  States,  accounts,  it  seems  to  me,  so  satisfactorily  or  so 
directly  and  simply,  for  the  origin  of  this  remarkable  practice.  We 
have  seen  how,  for  many  reasons,  it  was  necessary  for  the  key  dwellers  to 
build  their  mound-like  homes  or  islands,  out  in  the  seas.  Thus  were  they 
near  their  chief  source  of  food  supply ;  thus  were  they  freed  from  the 
almost  insupportable  pest  of  mosquitoes  and  other  insects  of  the  sub- 
tropic  marshy  mainland  ;♦  thus  were  safe  from  any  human  enemies  they 
might  chance  to  have  ;  and  building  as  they  did,  special  mounds  upon 
these  shell  islands  of  theirs  for  the  foundation  of  special  kinds  of  struc- 
tures— temples,  storehouses  or  public  buildings,  places  of  resort  in  dan- 
ger— they  were  not  only  protected  from  the  terrific  hurricanes  and  tidal 
waves  that  sometimes  swept  the  Gulf  seas,  but  also,  I  conceive,  they  de- 
veloped the  habit  of  erecting  great  mounds  for  special  structures  of  this 
kind  to  such  extent,  that  it  became  fixed  ;  so  customary  traditionally,  that 
whithersoever  they  or  rather  their  descendants  went  thereafter,  they  con- 
tinued the  practice  as  an  essential  tribal  regulation.  At  least  we  find  evi- 
dence enough  in  nearly  all  the  old  historic  records  from  the  Sixteenth  to 
the  Eighteenth  century,  that  generally  the  Southern  Indians  (especially 
the  Maskokean  Indians  and  Nachez)  were  still  building  mounds  of  pre- 
cisely this  kind,  that  is,  for  the  temples  of  their  Priests  and  for  the 
dwellings  and  assembly  places  of  their  Mikos,  "Suns"  or  King-like 
Chieftains.  Again,  along  with  the  development  of  key  and  mound 
building  for  the  living,  in  the  sea,  and  later  in  tide  marshes  or  lowlands, 
we  have  seen  that  there  was  also  developed,  through  ancestralism,  the 
habit  of  building  somewhat  similar  places  for  the  tribal  dead.  This 
also  was  practiced  in  the  interior,  as  shown  by  prehistoric  monuments  ; 
by  the  early  tribes  of  the  Southern  States,  as  equally  indicated  by 

*  Soon  after  my  return  ftom  Florida,  last  spring,  Dr.  O.  T.  Mason,  of  the  United  States 
National  Maaeuiii,  kindly  called  my  attention  to  the  following  passage,  on  page  291  of 
Ihe  Hitlory  qf  the  Caribby  Idanda,  rendered  into  English  by  John  Davides,  in  1666,  ftom 
an  earlier  work  by  Bochefort.  I  quote  It  here  in  Aill,  as  it  so  unexpectedly  confirmed 
my  previous  inference  relative  to  the  only  really  important  influence  of  the  mosquito  as 
a  Actor  in  human  progress,  that  I  have  ever  learned  of.  Speaking  of  the  Caribbeans,  he 
says: 

"  Their  habitations  are  somewhat  near  one  to  another,  and  disposed  at  certain  dis- 
tance*.  after  the  manner  of  a  village  ;  and  for  the  most  part  they  plant  themselves  uix>n 
some  little  ascent,  that  so  they  may  have  better  air  and  secure  themselves  against  those 
pestilent  flies  which  we  have  elsewhere  called  Mesquitoa  and  MaringatTU,  which  are 
extremely  troublesome,  and  whereof  the  stinging  is  dangerous  in  those  parts  where 
there  is  but  little  wind  stirring.  The  same  reason  it  is  that  obliges  the  Floridians, 
t>eyond  the  Bay  of  Carlos  and  Tortugnes,  to  lodge  themselves  for  the  most  part  at  the 
entrance  of  the  sea,  in  huts  built  on  piles  or  pillars." 

I  would  add  that  the  last  clause  is  especially  signiflcant  in  connection  with  our  dis- 
eoveries  in  the  "Courts of  theJPile  Dwellers."— F.  H.  C. 
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I  of  the  firet  eiplorers.  Thos.  especially  Ihroaghout  ihe 
mound-building  area — primarily  in  the  lowlands  of  ttie  HioBissippI  and 
Iribniary  rlvere,  then  do  higbor  land  along  tlicsc,  and  ftnally  on  the  tw- 
races,  and  even  the  plateaus  of  rivers  iu  the  slill  farther  north — we  find 
almost  always  thpse  two  kinds  of  mounds  Bssoclatetl  :  thai  is,  so-callr^ 
"Tetuplc  "  and  "  Domicilary  "  mounds,  and  the  tumDlu-  of  the  dead  or 
''Burial  mounds;"  and  I  believe  that  wherever  these  two  kinds  of 
mounds  are  found  thus  aseociated  (as  tlicy  were  aaturallf  and  neee«ua 
rily  nssociated  in  the  keys,  and  as  we  have  seen  tliat  they  were  sisocb- 
ted  historically  In  the  Southern  States}  the  evidence  is  that  (h?y  wen 
the  works  of  peoples  who  were  either  themselves  derived  from  Ihf 
southern  aca  islands,  or  who  derived  tbcace  their  culture,  and.  if  so.  « 
poniun  at  least,  of  their  ancestral  population. 

Observable  facts  <□  regard  to  mound  buildiug  of  Ibis  kind  the  world 
over,  support  this  theory  of  its  origin  in  len  tnvironitunU^  Biuce  tbe 
subject  is  so  imporiant.  I  may  enlarge  upon  it  by  calling  attention  \a  thr 
thct  thai  everywhere,  the  principal  buildersof  moQDds.bsrrowe  and  turn- 
nlw.  have  ever  been  maritime  peoples,  or  at  least  peoples  living  alnai; 
great  rivers  of  Ibe  sea.  Such  were  the  heroic  seafaring  Ureeks  of 
Homer's  time,  the  roving  Vikings  of  Scandinavia.  In  tact  everywhen 
~4nd  this  applies  especially  in  countiloa  Ikmed  for  the  si/.c  and  eiteni 
t  the  same  ;  that  old 
p  themselves  or  Ihnir 
rfslandaevenon  h)^l< 
land,  wheresoever,  in  the  course  of  ages,  they  happen  to  have  here  and 
there  penetrated  Into  the  interior,  or  else  to  build  foundations  like  in 
the  refuse  heaps  of  their  ancestry,  for  the  priests  and  other  revered  per- 
sonages among  their  living. 

As  bearing  intimately  upon  this  [[Uestion  in  its  relation  to  aurb  aneieoi 
rcniaius  of  our  own  land,  and  particularly  to  the  earlier  historic  Indian* 
of  the  Southern  States  (who,  as  I  have  said  before,  were  builders  of 
mounds  for  the  support  of  their  public  structures),  I  may  here  refer  In 
tlie  remarkable  statements  contained  in  some  of  the  early  writings 
regarding  others  of  their  characteristics. 

It  has  been  seen  again  and  again,  tiiat  surrounding  all  the  ancieal 
keys,  were  shell-bank  enclosures  approached  by  canals  that  had.  pre- 
sumably, been  used  as  fish-pounds  or  -preserves.  It  goes  far  toward 
establishing  my  theory  of  the  derivation  from  the  key  dwellers,  or  from 
peoples  living  practically  their  life,  of  some  at  least  of  these  Southern 
mound-building  peoples,  when  we  read  in  the  narrative  of  the  expedition 
dition  of  Don  Hernando  de  Solo  aniongsl  these  same  peoples(I539-1541), 
presented  by  the  Knight  of  Blvas  to  the  Spanish  King  and  Council  of  the 
Indies,  that  "Oil  Wednesday,  the  nineteenth  day  of  June,  the  Governor 
entered  Pacaha,  and  took  quarters  in  the  town  where  the  Cacique  was 
accustomed  lo  reside.  It  was  enclosed  and  very  large.  In  the  loweis 
and  the  palisade  were  many  loopholes.     There  was  much  dry  maiie,  and 


1896.]  40o  [Cushlng. 

the  new  was  in  great  quantity  throughout  the  fields.  At  the  distance  of 
half  a  league  to  a  league  off  were  large  towns,  all  of  them  surrounded 
with  stockades.  Where  the  Governor  stayed  was  a  great  lake  near  to 
the  enclosure,  and  the  water  entered  a  ditch  that  wellnigh  went  round 
the  town.  From  the  River  Grande  to  the  lake  was  a  canal,  through 
which  the  fish  came  into  it,  and  where  the  chief  kept  them  for  his  eating 
and  pastime.  With  nets  that  were  found  in  the  place,  as  many  were 
taken  as  need  required ;  and  however  much  might  be  the  casting  there 
were  never  any  lack  of  them." 

Now  since  the  very  origin  of  key  building  was  directly  related,  in  all 
probability,  to  the  improving  of  natural,  then  the  making  of  artificial 
bayous  to  serve  as  fish-pounds  ;  to  the  building  of  fishing  stations  near 
by,  and  resultantly,  to  the  construction  of  shell  settlements  in  place 
thereof,  we  cannot  reasonably  suppose  that  the  key  builders  derived 
all  this  from  the  mainland,  but  rather  that  the  dwellers  in  the  interior 
here  spoken  of  by  an  eye-witness,  had  derived  their  practice  of  making 
such  fish  canals  and  preserves,  from  them  or  from  ancestors  like  them.* 

If,  then,  the  key -dweller  and  Southern  seashore  and  flood-land  phase 
of  life  and  art  was,  as  is  here  indicated,  the  originative,  the  earlier 
phase,  and  the  mound-builder  phase  was  the  later  or  to  some  extent 
inherited  phase,  it  does  not  follow  that  the  mound  builders  acquired 
their  art  and  culture  from  the  partictdar  key  dwellers  the  remains  of 

*  To  state  my  opinion  clearly  in  reference  to  tbta  question  of  the  relation  of  the  mound 
builders  to  the  particular  key  builders  the  remains  of  whom  we  investigated,  I  may  say 
that  I  do  not  believe  this  relation  to  have  been  necessarily  direct,  however  much  it  may 
seem  to  have  been  so.  The  remarkable  correspondence  in  the  art  characteristics  of  the 
mound  remains  proper,  when  compared  with  those  exhibited  in  objects  of  our  collec- 
tions fh)m  the  keys  of  the  fiirther  south,  signifies  to  my  mind,  primarily,  that  the  art 
displayed  in  objects  f1x>m  the  inland  mounds  was  inherited  or  derived  from  key-dwel- 
liogor  sea-dwelling  methods  of  technique  and  art  treatment.  This  (leaving  out  all  other 
questions)  is  indicated  by  numerous  examples  of  mound  art.  I  need  mention  only  two  or 
three.  One  is  exemplified  in  the  double-bladed  battle-axe  type  of  war  club,  figured  in  PL 
XXXV  (8,  a).  The  club  of  this  type  that  we  discovered  at  Marco  was  wholly  of  wood, 
yet  it  was  evidently,  as  I  have  hitherto  stated,  a  survival  of  the  double,  semi-circularly 
bladed  war-axe  of  an  earlier  time.  But  it  was,  nevertheless,  a  practical,  not  merely  a 
ceremonial,  weapon.  Now  such  a  weapon  is  represented  on  the  embossed  copper  plates 
and  is  engraved  repeatedly  on  the  shell  gorgets  of  the  mounds,  as  held  in  the  hands  of 
purely  eeremoiUai  figures.  It  is  also  sometimes  found  represented  (among  mound-remains, 
but  not  among  those  of  the  keys)  in  the  shape  of  small  amulets  wrought  of  shell  or  stone. 
Again,  a  single  nearly  AiU-sixed  specimen,  made  wholly  of  stone,  rather  than  of  wood,  (it 
is  beantifiiUy  fashioned  fjrom  light  colored  flint  by  chipping  and  battering,  then  grind- 
ing and  polishing)  has  been  very  recently  secured,  I  understand,  by  that  fine  authority 
on  mound  archaeology.  General  Gates  P.  Thruston,  President  of  the  Tennessee  Historical 
Society  of  Nashville,  Tenn.  All  of  these  mound  forniM  of  the  weapon,  however,  are 
strictly  ceremonial ;  that  is  to  say  they  are  not  directly  originative  forms,  but  forms  of 
the  weapon  inherited  and  ancestrally  venerated,  that  is,  derived  firom  some  older  form 
still  adapted  to  priuiiocU  use— as  was  the  specimen  we  recovered  from  Marco.  The  same 
may  be  said  of  the  shapely  carving  in  green-stone,  of  a  nearly  full-sized,  hafled  celt— 
found  in  a  sepulchral  mound  in  the  Cumberland  Valley  near  Nashville,  Tenn.,  .some 
yean  since,  by  Prof.  Joseph  Jones— the  correspondence  of  which  as  a  type  form,  to 
the  actual  oelt,  found  by  us  at  Key  Marco,  is  almost  exact,  save  in  merely  decorative 
details  of  the  handle . 
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whom  wo  iDveetlgaled. .  It  is  simply  an  indicaiion,  I  lliiok,  tlint  ilipy 
derived  It  from  like  »«ii-dwe)ling  (icople — verj-  probably  related  to  »ncli 
key  dn-ellcrs,  nod  tcIio  poMJbly  bad  Ilii^ir  Lome  fortliur  up  llic  Gulf. 
Not  only  are  tliera  at  preseul  other  keys  exteading,  interrnpt«dly.  from 
Tampa  lo  the  aortbwesiern  extremity  of  Florida,  but  betwefn  (lint 
point  and  the  Delia  of  Ibe  MissisBippi  is  also  another  wry  coQsidcrahle 
group  of  islfts  which  I  regard  aa  keys— Jndged  by  ttieir  distribution  on 
the  map.  Whether  they  are  actual  ehell  keys,  or  not,  remain*  lo  lu- 
ll riurmined .  Bui  the  formations  of  the  lower  Mississippi  are  late  Quaier 
nary.  Thus,  in  romparntively  recent  timea,  geologically  apeaking.  wr 
may  ujwume  Ibat  the  urea  Ibfy  cover  was  n  northwardly  extension  of 
the  Gulf,  and  thnt  for  iigea  later,  conditions  like  those  preecni^d  by 
the  southern  luarsliysborclaudB  into  which  the  key  dwellersaeem  tohuTc 
ultimately  penetrated  niusi  have  prerailed,  even  unto  com|iarativeIy 
recent  times,  anthropologically  or  historically  speaking.  The  const 
farther  down  wasahoal,  and  fringed  with  islets— some,  possibly,  artificial. 
Thua  the  whole  region  was  ilill  Btuted  lo  such  modes  of  life  as  I  have 
referred  to,  even  well  on  toward  modern  timee,  And  so.  from  this  point 
of  view,  the  Gulf  shore  and  its  border  lands  to  the  north  and  the  north- 
oast,  no  less  than  farther  down,  seems  to  have  been  as  mucb  an  nrea  s/ 
eharaettritaHon  as  that  of  the  keys  we  examined  certainly  was — of  the 
•oatliorn  and  farther  northern  mound-ballder  culture.  Therefore  ui; 
cUlm  li,  that  the  beat  and  most  primitive,  that  la,  originative  illustra- 
linn  of  Ihi^  thnt  we  have,  is  lo  be  found  in  (bese  key-dweller  remnin- 
I  must  not  he  nnderstood,  however,  as  claiming  that  Ihe  mound- 
builder  phase  of  culture  pertained  ichoUy  lo  descendants  of  tlie  key 
dwellers  or  even  of  sea  peoples  like  ihcm.  Cultures  belong  less,  prhna- 
rily.  to  distinct  peoples  tlian  to  dislinct  environments.  An  environment 
and  the  essential  condiiions  of  human  existence  therein,  makes  indeed, 
not  only  a  culture,  but  goes  far  towanl  making  a  race  ;  that  is,  towanl 
mouldin;;  or  unifying,  racial  traits,  in  whatever  kind  of  :nan  or  kind? 
of  men  come  into  it  and  Ihcri'  remain  for  a  snflicieut  length  of  time.* 

1  believe  Ihe  relationship  of  Ihe  key  dwellers  to  other  Soulbern 
Indians  and  lo  Ihe  more  ancient  mound  builders,  both  in  the  South  and 
iu  Ihe  farther  North,  may,  however,  be  regarded,  as  indicating  more 
than  merely  parallel  development  ;  thai  ibis  relationship  may  he  consid' 
cred  as  having  been  actnal,  and  accultural,  as  well  as  primarily  environ- 
mental :  for  the  whole  region  of  the  mounds,  which  generally  eorre- 
s|>onded  to  the  great  Hood-plain  regionsof  the  Mississippi  and  its  mighty 
tributaries — and    in   this  was  not  unlike   the  shorelands  of  the  Gulf— 

■ir  one  butgllrai>sc  b(  the  iiallvesof  lite  low  Ma-lunda,  ot  let  luur,  Bomeo,  Para*. 
Saiilheastern  A^ia  and  certain  Polynealitn  regions,  be  will  an  how  cloie  a  panllellSD 
jii  iirt!— and  probHbly.  Ion,  wen  lu  IhbIHuUous  and  religion— obtains  between  Itie  kef 
dnellen  as  iiidlcali'il  by  llieir  art  remains,  and  Ilieie  peoples  not  In  any  win  reliMd  lo 
them,  lis  will  see  that  merely  by  a  similar  coadlllon  of  nalnral  sumnindliisi.  thCM 
parallL'liamabBve  lieen  wioukIiI  lo  a  poinl  Ihat  Is,  Id  many  details  of  the  produelior 
itiesc  wide -sntide red  peoples,  no  leKS  thau  astounding. 
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possessed  throughout,  also,  much  else  in  common,  particularly  in  the 
matter  of  biotic    characteristics,  plant   and  animal  life  as   they  pre- 
vailed in   at  least  the  marshy  borders  and  immediately   contiguous 
lands.     Such  characteristics,  since    so  intimately  associated  with  sub- 
sistence and  art  activities,  are  of  course  the  most  potent  of  factors  in 
giving  direction  to  the  movements  and  developments  of  primitive  peo- 
ples,—especially  when  combined  with  generally  like  physical  conditions 
throughout  a  given  area, — and  go  far  in  themselves  toward  making  thus, 
a  distinctively  ethnic  Area,    Let  me  offer  an  example  of  this :  In  its  way, 
the  arid  region  of  our  farther  Southwest,  is  more  distinctive  than  is  the 
region  of  the  Southern  seas  and  great  contiguous  rivers  and  flood-plainSi 
That  is,  it  is  a  region  the  climatic  conditions  of  which  are  so  homoge- 
neous and  so  pronounced  throughout,  and  the  flora  and  fauna  of  which 
are  therefore  so  uniform,  that  it  has  been  potent  to  mould  into  or  toward 
a  common  condition  and  type,  and  a  common  state  of  mind,  too,  nearly 
all    the  peoples    who  have  ever  entered  it    and  therein  dwelt  long 
enough.    In  the  centuries  of  a  far-off  time,  it  presently  made  of  little 
bands  wandering  and  seeking  refuge  in  its  desolate  wastes — seeking 
throughout  them  for  water  and  seeds — petty  agriculturists.    It  forced 
them  as  they  throve  apace,  to  permanent  occupancy,  then  to  cultiva- 
tion of,  these  far-sundered  watering-places  ;  then,  later,  through  conten- 
tions over  these  places  and  possessions,  with  other  comers  or  with  one 
another,  to  occupancy  of  and  building  in  the  clifis,  for  defense.    Thus 
out  of  such  hard  conditions  was  born  the  famous  Clifi"  Dweller,  his 
architecture,  and  his  culture.     It  was  my  good  fortune,  years  ago,  to  first 
definitely  relate  the  Zuni  Pueblo  Indians,  linguistically  and  tradition- 
ally, with  these  ancient  deni^sens  of  the  clifls,  and  to  ascertain  posi- 
tively, and  announce  in  various  publications  (especially  of  the  Bureau 
of  Ethnology)  that  the  architecture  of  these  and  other  Pueblo  Indians 
was  almost  wholly,  as  they  were  themselves  in  part,  derived  from  that 
of  older  cliff  dwellers.    But  it  seems  that  the  Northerly  cliflf  dwellers 
were  the  first  in  this  long  succession,  as  the  Zunis  were  (to  the  extent 
to  which  they  were  descended  from  them)  their  earliest  successors. 
Yet  as  the  ancestors  of  other  Pueblo  peoples  penetrated  into  that  con- 
straining region,  they  too,  under  the  potent  influence   of  the    same 
environment — probably  more  than  by  the  example  of  these    earlier 
predecessors  who  had  been  wrought  upon  thereby — adopted,  one  after 
another,  a  precisely  similar  mode  of  living  and  building.     It  is  only 
eight  or  nine  hundred  years  since  the  Navajo  and   Apache  Indians 
gradually  descended  from  their  far-northern  homes  into  this  desert 
region.    The  Navajo  Indians  are  not  Pueblos,  but  it  is  sufficiently  evi- 
dent from  facts  relating  to  them  given  in   the  splendid  treatises  of 
Dr.  Washington  Matthews,  that  they  were,  especially  along  the  line  of 
their  sociologic  and  religious  development  and  the  art  thereto  pertain- 
ing, rapidly  becoming  moulded,  by  accultural  and  environmental  condi- 
tions combined,  to  the  Pueblo  condition  of  mind  and  life ;  and  had  their 
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Cdurse  or  doTelopmeDt  Ihti^.  D^t  been  rut  short  by  tho  coming  of  tlir 
Spaniard  with  his  present  to  them  of  flocks  and  herds  tbtit  made  nomads 
of  iLem  again,  tliese  already  half-settled  peoples  would  have  become 
more  settled  and  would  have  gone  on  dereloping  precisely  as  older 
populations  had  there  developed,  the  more  rapidly  because  acquiring 
liberally  from  tliene  older  popnlalione.  Thus  in  the  course  of  ■  sitnl- 
lar  pc^riod,  or  perlutps  even  In  leas  time,  they  would  no  doubt  have 
become  Pueblos  among  the  Piielilos, 

Now  I  cannot  bat  look  upon  the  mound -building  phase  of  life  as,  lilte 
the  Pueblo-building  phase,  something  that  was  influenced  in  a  Binular 
manucr;  and  so,  while  I  have  no  doubt  that  the  ancient  mound 
builders  represented,  as  do  the  various  modern  Pueblos,  severnl  dis- 
tinct ttoekt  at  men,  still  I  believe  that  all  owed  their  culture  and  their 
mound -bull  ding  procliTilies  to  the  original  common  itillueTice  of  »«t- 
shore  or  key -builder  life,  and  that  each  successive  wavi.*  of  p«oplev  wbo 
penetrated  the  inonud  area  from  elsewhere,  acquired  the  practice  by  the 
combined  influences  of  (he  area  to  much  of  which  it  was  so  emiiienlty 
suited,  and  of  the  peoples  wbo  had  therein  already  become  flxed  in  it. 

In  like  manner  as  the  art  of  the  mound  builders  seems  to  hsTc  been 
related  to  that  of  the  key  builders,  so  certain  forms  fouud  by  us  in  the 
keys  appeared,  as  heretofore  intimated,  to  have  been  inhoritcd  from.  J 
or  directly  afflliated  to,  that  of  the  farther  south— of  tho  Antilles,  anftl 
f.ven  of  South  Anieriea.  I  need  only  refer  to  the  lahret  and  ear  biittmi,  ^ 
the  tatter  of  which,  although  common  enough  in  the  mounds,  was  still 
more  prevalent  in  the  key*;,  and  was  a  peculiarly  southern  object  of 
adornment,  having  prevailed  untverKsllr  throughout  northern  South 
America,  and.  indeed,  throughout  meridian  America  generally.  This 
is  true  also  of  both  forms  of  the  atlatl  found  by  us.  They  were  nut 
imly  South  American  as  well  as  Central  American  in  type,  but  on  Ihem 
wore  repeated  even  the  decorative  details  of  Yucatecan  forms.  In  the 
pointed  and  spooned  paddle  :  iu  the  celt  which,  with  its  counterpart  in 
stone  from  the  Cumberland  (and  in  little  amulets  from  other  portions  of 
the  mound  area)  whidi  corresponded  strictly  with  celts  found  throughout 
the  greater  and  le»!Ser  Antilles  ;  and  Anally,  in  the  remarkable  war  clni) 
I  have  described  in  a  former  page,  this  affiliation  of  art-types  was  evea 
more  strikingly  apparent.  For,  as  I  would  repeat  anew,  this  form 
of  war  club,  at  least,  could  scarcely  have  been  other  than  a  survival  of 
a  double,  semicircular  liluded  hatchet  that  h  peculiarly  a  South  Amer- 
ican lyiie,  as  were  war  clubs  like  it — and  also  derived  from  it — in  both 
South  and  in  smne  jTOrtions  of  Central  America. 

When  it  is  retlecled  that  a  not  inconsidemble  number  of  other  fonn<i 
found  by  us  in  ihe  court  of  the  pile  dwellers  were,  as  were  those  that 
I  have  so  particularly  referred  to,  almost  too  minutely  identical  wIlli 
like  southern  forms  to  admit  of  wholly  independent  origin  Calthough 
there  is  every  probability  that  they  had  developed,  evenif  elsewhere,  yet 
in  a  generally  similar  kind  of  eavironment).  and  when  this  fact  is  coo- 
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sidered  in  connection  with  the  trend  from  south  northwardly  past  the 
keys,  of  the  main  current  of  tlie  Caribbean  sea  (as  shown  in  PI.  XXV) 
and  with  the  usual  course  of  the  great  but  intermittent  Gulf  hurricanes,  it 
seems  to  me  highly  probable  that  not  from  the  mainland,  but  from  the 
sea,  not  from  the  north,  but  from  the  far  south,  the  primitive  or  earliest 
key  dwellers,  whoever  they  were,  came  or  were  wafted  in  the  begin- 
ning. While  it  is  true  that  only  a  few  years  after  the  discovery  by  Co- 
lumbus, the  earliest  voyagers  to  the  Gulf  of  Maracaibo  found  peoples  liv- 
ing there  (as  some  few  of  them  still  live)  in  pile-supported  houses  out  in 
the  midst  of  the  shallow  waters,  and  hence  named  the  country  Venezuela 
or  *•  Little  Venice,"  and  while  it  is  also  true  that  this  current  of  the 
Caribbean  Sea  thence  takes  up  and  is  thence  reinforced  by  the  current 
of  the  mighty  Orinoco,  still  I  do  not  believe  that  the  derivation  of  these 
foreign  arts  of  the  key  dwellers,  or  of  the  key  dwellers  themselves,  may 
be  traced  quite  so  directly  as  that.  I  believe,  rather,  that  here  and  there 
all  through  the  waters  washing  the  shores  of  lands  southward  from 
Florida — of  Cuba,  of  Yucatan,  of  northern  South  America — we  shall 
shortly  find,  unless  the  maps  deceive  me,  evidence  of  a  former  very  wide 
distribution  in  that  direction  of  the  key -dweller  phase  of  life,  and  it  has 
seemed  to  me  that  as  the  key  dwellers  of  Florida  may  have  borrowed 
from  these  older  and  more  widely  distributed  peoples  of  their  kind  (who 
were  probably  more  of  South  American  than  of  North  American  extrac- 
tion) so  other  peoples  along  that  lengthy  way,  may  also  probably  have 
derived  many  of  their  characteristics,  and  some  small  proportion  of  their 
populations  perhaps.  A  study,  for  instance,  of  the  ruined  cities  of  Yu- 
catan and  some  other  portions  of  Central  America,  makes  it  clear  that 
although  the  Mayas  and  other  peoples  who  built  them  had  advanced  to 
a  remarkable  stage  of  barbaric  civilization,  and  were  possessed  of  a  very 
highly  developed  architecture,  yet  they  were  at  most,  only  highly,  ad- 
vantageously developed  and  elaborated,  mound  builders.  The  fact,  now 
well  known,  that  they  entered  Yucatan  with  arts  nearly  perfected  and 
were  themselves  correspondingly  advanced  in  culture  when  they  came 
thither  from  the  sea  (as  they  claimed),  seems  to  bear  out  the  supposition 
that  they  owed  their  habits  of  high  foundation  building,  their  many  arts 
almost  perfected  from  the  beginning  of  their  occuj)ancy,  and  to  some 
extent  their  own  origin,  to  a  key -dwelling  phase  of  existence.* 

*I  am  not  alone  in  thus  having  found  a  decided  corrcflpondence  between  the  aits  of 
the  ancient  Floridians  and  other  Southern  Indians  and  those  of  ancient  Yucatan.  Other 
obeervers,  in  particular  Dr.  Daniel  G.  Hrinton.  Profs.  F.  W.  Putnam,  William  H.  Holmes. 
Frederick  Starr  and  Dr.  Cyrus  Thomas,  have  noted  umlstakable  similHrities  between  the 
arts  of  Yucatan  and  Mexico,  and  those  of  the  mound  builders  of  the  (iulf  States.  I  think 
it  has  been  held  that  these  arts  traveled  overland  in  some  way  alouK  the  far-reaching 
westerm  and  northern  Gulf  shores  fh>m  south  northward.  As  I  have  already  stated, 
however,  arts,  and  especially  ceremonial  and  decorative  art  forms,  do  not  readily  travel 
ftom  cue  tribe  to  another,  are  not  ea.4ily  adopted  by  one  primitive  {)cople  from  another, 
unless  both  peoples  are  in  a  very  similar  grade  of  cultural  development  or  share  a  com- 
mon environment  in  which  these  arts  are  natural  and  at  home.  Moreover,  it  Ls  to  be 
leflected  that  not  only  arts,  but  also  peoples  (in  sufficient  numbers  to  impress  their  culture 
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The  foregoing  more  or  less  epecnlittive  conclusions  liava  been  olTci 
tentatively,  not  as  Snal,  but  for  whatever  v&tne  tbey  msjr  puMess 
suggeslious.  After  all,  Ihe  collections  and  obRervations  under  c« 
ation  are  cquallj  interesting  whether  these  Bnggestions  be  true 
or  only  in  part  tme.  Quite  aside  ftom  all  this,  the  large  proportiun  of 
jectH  in  periBhuhlc  material,  recovered  hy  na,  renders  our  collecIionsfraiBk, 
the  keys  onique  in  one  respect  at  least ;  serves  to  Illusirato  how  very  lillle, 
after  alt,  of  the  art  of  a  Stone  Age  people  (or  in  this  case  Shell  Age 
people)  ia  really  represented  iiy  the  reniBins  that  are  commonly  found 
on  the  camp  sites  and  in  the  burial  places  of  such  peoples.  Httd  niy 
collections  and  observations  been  confined  to  the  shell,  Lone,  horn,  pol> 
lery  and  other  specimens  in  comparatively  endnring  materials  found  on 
the  keys,  the  an  that  they  represent  would  have  seemed  esceedingly 
crude,  almost  below  the  average  of  Htone  Age  art  generally,  here  Id 
America.  As  it  was,  hon-cver,  the  carved  and  painted  works  in  wood 
alone,  in  these  collections,  served  of  themselves  to  indicate  that  beT« 
were  the  remains  of  a  people  not  only  well  advanced  toward  Imrbarin 
civilization,  liul  of  a  people  with  a  very  ancient  and  distinctive  cultunui 
whoso  relations  with  other  peoples  may,  through  theae  same  rare 
mensof  their  arls — that  alone  liy  immersion  in  the  water  courti 

or  attn  upon  olheral  tmvel  very  slowly  hy  land— Impeded  a>  Ibty  tre  In  thtit  enine  If  11 
l>e  lonis.  I>7  tribe  aR«r  irlbe,  oiiil  danger  after  dangei.  Bill  bolli  arts  and  people*  inTil 
with  Ihij  ntmcBl  (aollllj'  h>-  sea,  Thuretbre.  It  idU!1  hsve  bPen,  If  nul  by  slower  ■lorivi 
lion  through  the  key  dweller*.  Chen  b;  a  wboloule  1011  ot  Inlerconme  by  sea,  Ibst  IhcH 
BJlH  of  the  civUtieil  peoples  of  Cenlnil  Americn  ciime  to  be  so  Ubemlly  represenied 
amoDK  the  reniftliis— especlttlly  oenatu  oeremoDial  and  decorative  remalni— of  Ihe  In- 
dians of  our  Southern  States.  If.  Indeed,  Ibey  enme  fiDm  so  far  south  nortlin-ard  tod 
were  not.  as  I  IticllDe  to  think,  distributed  or  luherlled  from  some  eomiaon  centre. 

In  this  con needou  I  will  mention  also,  Ihai  Prof.  Iliilmes  has  found  prolmble  traces  ol 
Caribbean  art  In  Florida.  By  an  eiamluatlon  of  the  col  lections  Katheied  by  ourseird 
■s  compared  vrilh  those  made  by  Mr.  Clarenei'  Moore  thruuKhout  ttie  eaaieni  half  of  IbR 
Slatf,  however.  I  Bud  (bat  these  Caribbean  art  formhare  lese  characteristic  of  our  collec- 
tions than  of  thow  from  Ihe  easterly  portion  of  the  Slate,  and  even  ITum  Ihe  Allanllc 
side  of  southern  Georgia.  While  the  art  cbaracterislics  1  am  tpeaklng  of.  cbleHy 
exhibited  In  the  involuted  iitid  concenlrie  eiirlace  decotallOD  of  paildled  pottery,  may 
lie  accouuleil  for  as  having  originated  indepenilenlly  both  among  Ihe  Caribbean s  and 
here  throughout  Florldian  areas— from  the  graiuing  of  the  nooil  of  Ibe  paddles  them- 
selves, or  of  nom-oul  wooden  vessels  in  Imitation  of  which  this  poUery  was  no  douM 
al  Hist  iiiiule— still,  there  Is  a  lar^e  degree  of  probability  that  the  Carlbs  had  more  or 
leas  Impressed  their  art,  ami  even  themselvoa.  upon  a  portion  of  the  native  iBpiilatloo 
of  Florida,  long  before  the  discovery.  This  probabtllly  1>  rendered  the  greaier  by  the 
linguistic  correspondences  which  Dr.  Albert  S.  Gntehel  has  clearly  traced  between  Ihe 
languages  of  the  aborigliiesof  eastern  Florida,  the  Tlmuquanans,  and  the  Carlbs.  Uoit- 
ever,  thvst  Carib  inSuence^  seem  to  have  come  into  Florida,  not  by  a  westerly  way.  bat 
from  the  »mlh  and  the  eaxl.  iiossibly  through  the  l.ucayoa  or  Bahamas  Islands,  the 
Uibabltania  of  which  were  uUlilu  historic  times,  as  la  well  aUcaled  by  the  easiest  wrilerf. 
in  conllnual  Intercourse  wlih  Ihe  nativisof  the  Florida  FcnlDsuta.  Sucb  Iracesof  Antll- 
lean  an  as  are  found  la  llie  region  of  the  ancient  key  dwellers  and  fiiilher  nortb  on 
the  weslern.  or  <>ulf  ciiaU.  seem  lo  l>e  rather  more  ancient  than  the  data  of  CarlbbMD 
occupation,  even  of  Ihe  West  Indian  Islands  Ihemselves.  that  Is,  they  teem  to  l>e  ttr 
more  Araaak  than  Caribbean,  awl  this  again  coincides  wllb  the  Idea  of  a  very  Ur 
oulherii  origin  (lu  the  beginning)  of  these  peoples  of  the  keys. 
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preserved  to  us — be  studied  in  many  ways  with  unusually  satisfactory 
results. 

Another  feature  of  these  collections,  of  equal,  if  not  of  greater  inter- 
est, is  the  fact  that  they  represent  a  Shell  Age  phase  of  human  develop- 
ment and  culture.  Their  art  is  not  only  an  art  of  the  sea,  but  it  is  an  art 
of  shells  and  teeth,  an  art  for  which  the  sea  supplied  nearly  all  the 
working  parts  of  tools,  the  land  only  some  of  the  materials  worked  upon. 
A  study  of  these  tools  of  shell  and  teeth  furnishes  us  with  an  instruc- 
tive lesson  as  to  the  ingenuity  of  primitive  man,  as  to  his  capability  of 
meeting  needs  with  help  of  what  would  at  first  seem  to  be  impossible, 
or  but  very  indifferent,  means ;  and  as  to  the  effect  of  this  on  derived  art 
in  general.  The  lesson  is  suggestive.  It  would  seem  to  indicate  that 
not  here  alone,  or  in  those  more  extended  regions  of  subtropic  and 
tropic  America  which  I  have  mentioned  as  possibly  the  homes  of  like 
key-dwelling  peoples,  but  that  in  many  further  parts  of  the  world — of 
the  Old  World  as  well  as  of  the  New  World — such  a  phase  of  develop- 
ment may  well  have  been  passed  through  by  whole  peoples  who 
later  became  stone-using  peoples  ;  yet  whose  earlier  art  of  the  sea  had 
in  like  manner  influenced  the  art  of  their  later  conditions,  of  their 
inland  descendants  and  those  who  came  into  continual  contact  with  them 
— just  as  this  art  seems  to  have  influenced  that  of  the  mound  builders 
and  as  a  similar  art — possessing  no  less  striking  marks  of  the  sea,  seems 
to  have  influenced  early  men  in  southern  and  eastern  Asia — like  the 
aboriginal  Siamese  and  Cambodians,  Coreans,  Chinese  and  Japa- 
nese. Nearer  parallels  yet,  may  be  found  among  living  peoples,  as 
before  stated*  those  of  Borneo  and  Papua  and  other  parts  of  the  Eastern 
Archipelago,  of  the  Caroline  Islands  and  other  parts  of  Polynesia.  The 
further  question  is  therefore  suggested — whether  perhaps,  in  some  por- 
tions of  the  world  (man  having  in  all  probability  made  the  very  begin- 
ning of  his  development  as  a  tool-maker  upon  the  food-abounding  sea- 
shore of  some  tropic  land)  whether  in  the  phase  of  life  here  exemplifled 
among  the  keys,  we  may  not  (despite  its  far  higher  development),  find 
some  intimation  of  the  remotest  of  human  beginnings  in  the  use  of  tools 
and  weapons  as  made  of  sea-produced  and  other  organic  materials.  At 
any  rate,  since  returning  from  Florida  and  studying  such  sea-land  remains 
as  I  could  find  in  various  museums,  and  in  one  case  studying  them  in  the 
actual  field  (on  the  coast  of  Maine,  this  last  summer),  I  have  found  that 
teeth  and  shells,  wherever  suitable  kinds  of  these  natural  tools  of  the 
animals  themselves  could  be  secured,  have  played  a  far  more  important 
part,  even  in  the  arts  of  peoples  who  had  abundance  of  excellent  material 
for  stone  implements  at  hand,  than  has  hitherto  been  realized. 

There  is  no  subject  in  the  range  of  anthropological  study,  and  this 
especially  applies  to  the  study  of  prehistoric  anthropology,  which  can 
take  rank  above  the  subject  of  ethnographic  origins.  By  this  I  mean, 
for  the  moment,  neither  the  relations,  nor  the  migrations  of  peoples,  pri- 
marily, but  the  study  of  peculiar  arts,  institutions,  and  other  cultural 
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chamcterietics,  ne  inHiienced  by  givou  or  spcciBc  phyBiographic  arcka. 
As  HfTordiag  u  concrete  example  of  this  kiod,  uf  the  iatcrrelation  orniMii 
and  a  particular  kind  or  enTironmeni,  1  know  of  few  cases  in  which  the 
evidenceB  are  ao  direct  and  pronounced  and  I  may  add.  uninistakaljle, 
ae  tliey  are  in  the  peculiar  an  remaius  which  we  discovered  in  IhU  mil 
less  peculiar  region  of  the  keys. 

I  liave  presented  not  a  few  illustrations  of  this  influence  as  giviDK  "*<^ 
to  key  linilding,  and  some  phases  of  the  life  itself  of  the  |)eople  who  bnilt 
the  keys.  Yet  in  closing  I  wish  once  more  to  recur  lo  the  subject,  lu 
a  preceding  note,  and  in  former  writings  (publislied  in  periodicals  anit 
in  the  Reports  of  the  Bureau  of  Ethnology,  on  the  Zuni  Indians,  and  tl)i 
nlicitiiit  Cliff  Dwellers,  nnd  the  development  of  Puehlo  cnlturein  general). 
1  have  shown  how  the  desert  of  our  great  southwest  and  the  necessitj 
for  nvercoming  there,  the  difflcultles  of  existence  in  an  arid  waste,  may 
Account  for  tlie  lilgb  development  towards  civiliiaiion  of  the  peoples 
who  tbr  a  long  time  dwelt  there.  It  is.  indeed,  safe  for  us  to  infer  from 
these  and  later  studies,  especially  those  of  Prof.  W  J  HcOtrc,  that  the 
rcry  beginnings  of  true  civilization,  in  the  matter,  for  example,  of  agri- 
culture, must  ever  liuve  been  mode  in  desert  environments  more  or 
lugs  like  these,  more  or  less,  also,  in  the  same  manner. 

Well,  so  in  other  ways  it  was,  in  the  wild  re^on  of  sea,  the  great 
sea-WBste  wherein  tiie  ancient  key  dwellers  reclaimed  and  built  their 
homes.  It  was  as  truly  a  desert,  not  of  the  dry  land,  1iut  of  the  waier*. 
and  likewise  it  both  forced  and  fostered,  rapid  and  high  development  nf 
the  peoples  who  entered  it  and  elected  or  were  driven  to  abide  in  it. 
That  the  island  homes  of  these  peoples,  the  shell  keys,  might  be  built, 
and  in  the  ample  water  courts  thereof  a  constant  supply  of  flsh  be  pro- 
vided, it  was  even  more  necessary,  after  such  beginnings  as  I  have  pic- 
tured on  a  former  |>nge,  for  men  to  unite  in  each  single  enterprise ;  the 
which  led  directly,  no)  only  to  increased  communal  ily.but  also  to  a  higher, 
and  in  this  case,  an  etfcctire  degree  of  organization.  The  arid  deserts 
have  led  men  like  the  Pueblos  to  continued  agricultural  effort  wherein 
it  was  necessary  for  them  to  closely  unite  in  the  watering  or  irrigating 
of  the  soil  ;  and  concomitantly  it  has  led  lliem  to  a  high  degree  of  archi- 
tectural development  in  not  only  granary-,  and  house- construction  itself, 
but  also  in  protective  building,  foriitlcation,  against  those  who,  tempted 
by  the  ample  stores  thus  garnered,  sought  to  rob  them  ;  and  finally,  it 
■  has  led,  thmugh  these  two  causes  for  united  eftbrt,  to  high  communal 
organisation  and  high  totiologic  and  sacerdotal  government.  But  the 
men  of  the  desert  sea  wastes,  here  among  the  keys,  were  beset  by  dan- 
gcrs  far  greater  tlian  those  of  human  focmen,  necessitating  far  more 
arduons  communal  effort  in  tlie  construction  of  places,  rather  than 
houses,  of  harbi>rs  and  stonn  defenses,  rather  than  fortified  dwellings  ; 
and  the  const  ruction  of  these  places  under  »iuch  difficulty  and  stress,  led 
to  far  more  highly  concerted  action  and  therefore  developed  necessarily 
not  only  sociologic  organization  nearly  as  higli,  but  |>erforce  a  far  higher 
exceutUe  governmental  organization. 
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The  development  of  the  key  dwellers  in  this  direction,  is  attested  by 
every  key  ruin — little  or  great — built  so  long  ago,  yet  enduring  the 
storms  that  have  since  played  havoc  with  the  mainland ;  is  mutely  yet  even 
more  eloquently  attested  by  every  great  group  of  the  shell  mounds  on 
these  keys  built  for  the  chief's  houses  and  temples ;  by  every  lengthy 
canal  built  from  materials  of  slow  and  laborious  accumulation  from  the 
depths  of  the  sea.  Therefore,  to  my  mind,  there  can  be  no  question  that 
the  executive,  rather  than  the  social  side  of  government  was  developed 
among  these  ancient  key  dwellers  to  an  almost  disproportionate  degree  ; 
to  a  degree  which  led  not  only  to  the  establishment  among  them  of 
totemic  priests  and  headmen,  as  among  the  Pueblos,  but  to  more  than 
this — to  the  development  of  a  favored  class,  and  of  chieftains  even  in 
civil  life  little  short  of  regal  in  power  and  tenure  of  office. 

A  curious  side  of  their  life  may  be  seen  to  have  almost  unavoidably 
helped  toward  such  a  development.  With  agricultural  peoples  of  the 
desert,  beginnings  are  almost  always  made  normally, — in  the  totemic  or 
purely  clanal  condition  of  development.  Thus  the  lands,  the  garnered 
stores  and  the  very  houses,  belong  primarily  to  the  women,  and  there- 
fore the  existence  among  them  of  men  of  a  highly  privileged  class — as,  of 
any  directly  hereditary  line  of  chieftains — is  rarely,  if  ever,  fostered.  On 
land,  it  was  not  until  by  the  domestication  of  animals  and  the  wandering 
pastoral  mode  of  life  this  involved  was  adopted,  that  formal  patriarchal 
or  gentile  organizations  replaced  mother  right  in  property  and  the  matri- 
archal or  clanal  organization  of  society  and  government — since  only  then 
did  property  come  to  be  held  by  the  men.  For  it  was  not  until  men  held 
all-important  possessions  that  they  took  the  lead,  and  by  ever-increasing 
competition  in  these,  ushered  in  the  growth  of  privileged  classes,  the 
establishment  of  direct  heredity,  and  so,  of  lines  of  patriarchal  elders, 
headmen  or  chieftains.  But  it  may  be  seen  that  here  on  the  keys  the 
case  was  different  from  the  very  outset.  The  one  most  important  pos- 
session of  the  key  dwellers  was  the  canoe.  This  was  essentially  a  man's 
possession.  Thus  what  on  land  was  effected  by  the  possession  (by  the 
men),  of  herds  and  beasts  of  burden,  was  here  in  the  sea  effected  by  that 
of  an  inanimate  (but  supposedly  animate)  vehicle  of  burden,  the 
canoe.  While  the  women  stayed  at  home  in  the  houses  of  the  safe 
and  isolated  keys,  the  men  continually  went  forth  over  the  surround- 
ing waters  in  these  canoes  that' were  owned  by  themselves.  Being 
the  possessors  of  property  so  important  to  the  lives  of  the  whole  people, 
here  where  the  plan  of  social  organization  was  still,  no  doubt,  at 
least  traditionally  totemic,  it  must  nevertheless  have  become  to  a 
limited  extent  patriarchal — virtually  so,  as  far  as  the  niling  class  of  men 
was  concerned.  This  property -right  of  the  men,  in  canoes  that  were  so 
directly  related  to  the  public  works  which  fostered  the  executive  func- 
tion in  government,  then,  helped,  I  take  it,  toward  the  establishment  of 
king-like  chieftainships  ;  and  the  main  point  of  this  seeming  digression  is, 
that  it  was  due  to  this  kind  of  life  and  development  origtoally,  ftnd  to 
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mlicriUDce  tliorefrom.  tliRt  all  the  f!reat  aoutkern  tribi's  eneountorcil  l)y 
Dc  Bnla  and  his  succesaors,  were  ruled  uver  by  the  most  pnwprfltl  uhiefb 
wu  know  or,  oaldde  oF  Heiico.  Peru  and  Central  AiuetSca,  an3-whRrn 
on  this  (!Otitineat ;  Damely.  the  Hlkon  or  Kiug-chiclB,  vho  had  actual 
lH)wer  of  life  and  death  over  nearly  all — aave  inemberN  of  the  iiriesl- 
hood — among  their  Bubjecls,  and  were  held  to  be  of  divine  dt^ceot. 

Tliia  abnormall}-  high  deTelopmenl  in  governmpnl,  indicated  by 
great  public  works  on  ihe  keys  and  among  the  mounds,  and  in  »  aints> 
lire  by  historic  records.  \m,  aa  we  have  necn,  paralleled  in  the  Hrls  of  IhO 
keys,  for  in  them  we  found,  along  with  an  exceodlngly  high  growth  of 
the  cooTestJonal  side  of  art,  an  artistic  froedoni  on  the  wetbelic  aide 
that  I  bare  not  seen  equaled  in  any  of  the  primitive  remains  of  ihlK  con- 
tinent, elsewhere,  save  alone  perhaps,  in  those  of  Central  Amerira. 
This  gives  good  ground  for  another  generalization-,  that  while  the 
deferiof  the  land,  with  its  Bi-ant  vegeiatloa  nnd  scan teranimnl life,  lead* 
natnrnlly.  yet  through  the  technique  involved,  to/»nnui  conventiooal 
arl.  the  desert  of  the  sea.  teeming  with  growth  and  quick  with  aninuU 
life  in  untold  variety,  beauty  and  abundance,  leads  as  in  this  caae. 
and  for  like  reasons,  not  to  fonnnl,  but  to  higblj-  realistic  conrenlion- 
aliuUon.  lu  the  one  art,  that  of  the  land  desert,  may  be  found 
lextLte  and  basketry  forme  of  decoration.  There,  life  seems 
held  so  dearly  that  only  in  angnlar  or  geometilc  style,  or 
of  pure  symboU  rather  than  by  direct  represen ration,  were 
animintic  qualities  "ffriAcffl  to  things  made;  so  that  ab()\ 
art,  tilt  arl  of  the  arid  desert  may  lie  called  allribntirc  art.  Bui  liere 
the  sea  wastes,  where  life  soalMunded,  Ihe/ornw,  aliiieiif  animals  and 
men,  were  lavishly,  most  rcalislicully  and  gracefully  r 
commonest  toiilx  were  shaped  over  with  quite  unmistakable  life-marks 
and  other  added  features,  and  were  thus,  while  conventionally,  withal 


md  the 


realistically  and  fearlessly  iure»leil,  w 

iwtwers.     So.  in  contrast  to  the  art  <i 

may  be  called  an  'irl  of  iiieenl'ire.     Ii 

as  we  do  examples  of  (hcse  i)pposilc 

tilled  with  llie  one  cKlrenic)   there  is  scarcely  a  primitive  kind  of  art, 

ancient  or  modern,  which  cannot  be  measurably  interpreted  by  citm- 

parativc  study  of  the  one  kind  (tlic  conventional  and  atlribnlive)  and 

the  other  kind  so  clearly  illustrated  by  our  collection  (Ihe  realistic  and 

ibe  convenlionally  investive).     In  this,  then,  as  in   ils  e 

of  man's  direct  rcbilionship  in  cultural  and  even  perhaps  1 

opment,  to  his  environmeni,  our  study  of  Ihe  ancieni  key 

ils  place  in  the  general  siudy  of  Ihe  Science  of  Han. 

I  have  only  to  add  Ihal  Ihe  combined  archwological  data  and  collec- 
tions whicli  we  gulhcred  from  the  ancient  keys,  were  together  so  com- 
plele  (liappily  because  so  many  perishable  objects  were  preserved  intact 
and  in  their  ]>roper  relations)  Ihat  they  might  be  called,  what  though  so 
very  ancieni,  almost  literally  ethnological,  rather  than  archfeological 


and  speelolisiic 
iland  desert,  this  of  Ihe  sea 
lo  me  Ihat  now  jxissessing 


Mnpliflcalion 
racial  devel- 
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collections.  The  specimens  themselves  are  now  sadly  warped  and 
shriveled.  But  happily  some  of  them  can  be  fairly  restored  by  treat- 
ment with  preservatives  ;  and  happily  also,  our  photographs,  drawings 
and  paintings,  and  casts,  made  in  the  field,  are  almost  equal  for  study 
to  what  the  originals  were  when  found.  Thus,  afler  the  original  series  is 
arranged  and  exhibited  here  in  the  Museum  of  the  University  of  Pennsyl- 
vania, and  after  a  duplicate  but  representative  series  is  displayed  in  the 
National  Museum  at  Washington,  further  comparative  study  of  them 
will  be  possible,  and  through  this  study  the  ancient  key  dwellers  as 
a  people,  the  story  even  of  their  modes  of  daily  life,  will  become  known 
to  us  so  fully  as  to  make  it  almost  like  unto  one  which  might  be  told 
of  a  living  people.  And  were  it  possible  now,  I  would  fain  present 
a  picture  of  this  olden  life  on  our  shores — so  remotely  pre-Columbian 
and  so  truly  primitive — since!  am  sure  that  with  the  materials  at  hand 
it  could  even  now  be  made  more  perfect  and  detailed  than  any  relating 
to  a  period  equally  remote,  that  has  thus  far  been  possible.  Certainly 
it  could  be  so  made  when  aided,  not  only  by  comparative  study  of 
the  works  of  such  peoples  as,  let  us  say  the  Arawaks  of  Brazil  and 
the  Orinoco,  but  also,  of  the  early  historic  records.  Still,  I  shall 
have  to  content  myself— and  perhaps  it  is  just  as  well,  since  this 
will  give  time  for  carrying  the  details  of  such  study  much  further — 
with  presenting  a  picture  of  the  kind  in  the  final,  fully  and  amply  illus- 
trated volume  of  the  Pepper-Hearst  Expedition,  which  Major  Powell 
has  so  liberly  consented — as  a  joint  work  of  the  Bureau  of  American 
Ethnology  of  the  Smithsonian  Institution,  and  the  Department  of 
Archaeology  and  Palaeontology  of  the  University  of  Pennsylvania — ^to 
publish. 
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Plate  XXV. 


The  onlline  map,  shown  on  Flnte  XXV,  is  reproduced  rrom  the  latest 
Government  Hydrographio  Surveys,  and  indicaies  the  location  of  Tar- 
pon Springs, — the  norlhernmoBt  point  on  the  Gulf  couet  of  Florida  (see 
pp.  351  to  354.  inclusive),  eiplored  by  the  Pepper-Hearst  expedlTiou  of 
1896  ;  a^lso  the  locution  of  Key  Marco  and  of  the  contiguous  &rchi|>elagO 
of  the  Ten  ThouBand  Ulunds. — which  probablj^  contaiDS  not  fewer  than 
fifteen  hundred  ancient  kcy-rtweller  Beitlemenla  or  artificial  shell  taleta. 

It  is  designed  especially  to  illusmte  the  relstioa  (discussed  on  pp. 
408,  409  tind  410  in  the  text)  of  the  Currents  of  the  Caribbean  Sea 
to  the  principal  island  clusters  or  eetllements  of  the  ancienr  key- 
builders,  as  probably  bearing,  to  some  extent  on  their  remote  origin. 
The  scries  of  arrows  represented  as  leading  past  the  gulf  of  Maracailio, 
in  South  America,  thence  through  tlie  strait  twtween  Yucaian  and  west- 
ern Cuba,  and  thence  in  turn,  to  Ihe  keys  and  islands  of  soulhwcslcrn 
Florida,  defines  Ihe  current,  which  is  regarded  as  having  been  intlueti- 
tial  in  peopling  these  areas  of  the  keys  with  wanderers — prolmlily  of 
Arawak  extraction,  riVi  ihc  region  of  the  Orinoco  in  South  Anierii-a. 

Again,  the  series  of  arrows  represented  us  passing  northwardly  along 
the  outer  or  Allanlic  side  of  both  the  Lesser  and  Greater  Antilles,  and 
thence  to  the  Lucayo  or  Bahama  Islands,  defines  the  current  which  is 
regarded  as  the  possible  line  of  comparatively  recent  Carihhean  deriva- 
tion, as  evidenced  by  various  iiri  remains  in  eastern  Florida  and 
Georgia,  which  arc  referred  to,  in  the  footnote  on  page  410,  as  iii.-i.iiv- 
ered  by  Prof.  Wm.  11.  Holmes. 
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Plate  XXVI. 
praMDted  on  Plate  XXVI  ilhtstratc-s  tlic  appcaronco 
of  eerUIn  shMl*  and  UletB  to  the  eastward  of  Kvy  Klurco.  in  tliu 
IMItliWvstt^rl)'  ed|[e  of  the  Ten  Thousand  IslandH.  It  adudralily  exhili- 
ttf  the  fnrni  of  an  original  oyster-bar  or  ci)ra1-Kcf.  as  dcfliicd  by 
the  lineB  of  ftiun  cansed  by  the  rapidly  retrcaliuf;  tide.  It  will  be 
BbMTVcd  tliiii  these  Hoe*  encluse  a  central  spai'e  of  deep  water  (between 
the  two  hinrk  nUMe*  of  rcef-CTB^B  already  expoeci)),  and  tliul  theNc 
Caun  liueti  extend  off  laterally,  forming  an  Irrcj^ular,  ntoll-like.  or 
-anulcirciiinr  endoenre,  that  greatly  reBemlilea  the  outline  or  plun  of  a 
line,  bnill  up  or  artificial  key,  or  shell  Bettlement. 

For  tliUand  Other  reasonH — diacuHsed   at  lcnf;lh  on   pp.  335  to  087, 

Uiclosive,  and  Incidentally  elsewhere  in  tlie  lexl— il  is  .luppoaed  Ihjit  llie 

eftrlieat  iiey-billldeTa  mode  the  beginnings  of  their  great  sliell  stniclureH 

^^}r  Islands  (euchaa  are  mapped  on  Platen  XXVIIl  and  XXX)  upon  rrcHi 

Hw^Bboalfl  Uke  these. 

^^^^■taappeitmnce,  seen  from  adi^ianc-e,  ofthesc  shell  i:;lct!i  or  kcyR.  when 
^^^^B(rown  and  surrounded  by  mangroves,  hk  nearly  all  of  them  an', 
^^V^^HIe  wall  shown  toward   Ihe  left,  and  also  ut  the  exireine  righl,  of 
dM|dctnre. 
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Plate  XXVII. 

The  iibnlograpli  re)iro<iuced  on  Piute  XXVII,  wns  taken  froBi  tid 
HoHlliern  sea-wall  of  Cayo  del  Oso,  or  Bear  Key  {visible  in  the  leftwBrtl 
dlstauoe  ofUie  view  on  tlie  preceding  Plftle,— SXVI).  The  outlying  pori 
ticins  at  Ihw  key  h»d  lieeu  burned  «ver,  on  the  hither  Mde,  und  althoUgp 
the  inner  portions  were  not  typically  lofty  or  extensive,  nevertUclesa  tl 
niHrginal  Btnielures  of  the  keys  in  general, — as  described  on  pp.  831  to  81 
indiisive — were  here  exceptionally  ivelt  rcve&led.  Hence,  this  view  « 
chosen  frotu  among  mAoy  more  impreasive  ecenes,  as  beat  illustrating  U 
surrounding  enclosures  and  other  details  of  such  keys  :  First,  of  the  « 
wbIU,  outwanlly  fringed  hy  mangroves  <botli  seen  to  the  left  of  theple^ 
tnre]  :  of  a  small  Asb-pound  or  w^ter-^ourt  with  its  little  DUtlel-eajiM 
seen  beyond  the  second  ridge  of  Ibe  foreground)  ;  and  of  a  larger,  partly 
filled  water-court  (seen  between  the  tbinl  ridge  and  the  western  sea-wull 
^ts  cunni  leading  oil  among  the  trees  and  bushes  to  the  right).  Unfoi'- 
tunately  tlie  heights  of  this  key  are  hidden,  or  are  at  best  but  slightly 
indicated— in  the  shrubbery  at  the  eKlreme  riglil  background  of  llio 
Tfcw^fvfng  an  fmpressfon  onTamess  iDAt  is  not  diaracieriatfc. 
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Plate  XXIX. 

The  Tiew  of  the  roundeil  corner  sml  a  ixiriiou  of  tUe  side  ai  the  Mialli- 
eaatero  end  of  the  elic1l-fni;ed  platform  on  the  crowning  lorrace  ur 
elang&led  pyramid-mound  of  Deuiorey's  Key,  Pine  iHlsod  Bound,  given 
in  Plate  XXIX.  does  not.  nnfonuDalely,  include  the  eubEtdinij  platform 
of  approncli  at  the  fkrlher  end.  As  related  on  pp.  338  nod  339,  the  vegeta- 
tion covering  ibis  knd  nearly  nil  other  portiooB  of  the  key,  was  so  nmk. 
that  bnt  for  an  accident,  tlie  character  of  the  shell  work  of  this  tetracv 
would  not  hAve  been  even  euspected.  Hence  too,  the  tesMllaicd  pave- 
ment of  clamBhellE  along  the  lines  of  approach  to  the  side  platform  and 
toward  ihe  end  of  tlie  main  work,  wero  cxpoapd  imly  here  nnil  there.  »l 
great  labor,  and  therefore  do  not  appear  in  the  picture.  It  will  be  ob- 
served however,  that  the  apices  of  many  of  the  shells  in  the  facing  of  the 
terrace,  are  crushed  in.  It  was  found  tliat  as  this  ancient  fagade  was  bnilt 
up,  the  conches  were  laid  in  place — the  whorls  of  each  course  all  turned 
one  way — and  that  Anally  all  were  hammered  into  place  more  firmly,  until 
the  whole  facing  was  thereby  made  even.  It  was  thus  that  the  points  or 
spires  ot  some  of  the  shells  were  broken  in  as  shown.  I  later  learned 
that  this  mode  of  building  was  resorted  to  not  only  in  such  facings  of 
the  heighlH.  but  alno  in  the  laying  of  Ihe  foundations  of  the  keys  on  the 
submerged  reefs. 
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Topographic  Map  of  Key  Marco,  showiOK  Sea  wall,  Water-courts,  Canals,  Cenolcs 
Round  Reservoirs,  Garden -terraces  and  Central  Mounds. 
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Plate  XXX. 

The  contour  lines  in  the  Topographic  map  of  Key  Marco  (represented 
on  Plate  XXX,  and  described  on  pp.  349,  350,  of  the  text),  by  means  of 
which  Mr.  Sawyer  has  indicated,  with  the  utmost  fidelity  and  accuracy, 
the  minutest  features  of  that  remarkable  and  gigantic  structure,  nec- 
essarily have  to  he  reproduced  here  in  one  color.  Therefore,  the  sig- 
nificant difference  between  elevations  and  depressions  above  and  below 
the  mean  or  high  tide  level  are  not  dearly  apparent.  For  example,  the 
circles  and  parallel  lines  in  the  extreme  southeastern  portion  of  the 
map,  represent  deep  round  wells  or  basins,  and  almost  equally  deep 
canals  and  graded  ways  leading  to  and  from  them  ;  while  the  quite  sim- 
ilar, although  more  numerous,  lines  at  18',  14'  and  18',  in  the  easterly  cen- 
tral portion  of  the  map,  indicate  mounds  and  other  heights  above  the 
mean,  corresponding,  in  foot-measure,  to  these  several  figures. 

The  long,  narrow  water -court  or  fish-pound — at  the  northern  end — 
still  slightly  open  to  the  sea  through  its  short  cunal ;  the  three  larger 
courts — respectively  twenty,  thirty,  and  fifty  feet  wide— <lown  on  the 
western  side,  and  the  larger  triangular  **  Court  of  the  Pile  Dwellers '* 
excavated  by  us  and  shown  more  fully  in  the  plan  on  Plate  XXXI,  are 
all  indicated  by  fiat  shading,  and  are  marked  with  mangrove  signs. 

It  will  be  noted  that  above  and  toward  the  left  of  this  court,  are  two 
similar  courts,  that  had  been  filled  nearly  up  to  their  marginal  rims. 
probably  to  form  gardens  or  platforms  ;  and  that  to  the  riglit,  tlie  very 
large  bayou  at  the  southern  end  of  the  key  was  already  being  reelaimetl 
for  the  formation  of  additional  courts  or  enclosures,  by  the  extension  of 
the  shell  works  down  toward  the  terminal  eastern  sea  wall.  Excava- 
tions revealed  the  fact  that  in  places  tlie  borders  of  this  bayou  were 
already  occupied  by  dwellings  like  those  of  the  courts,  at  the  timf»  of 
the  abandonment  of  the  place. 

The  eastern  edge  of  the  key  was  worn  away  by  the  sea.  The  termini 
of  canals  similar  to  tliose  on  tlie  northwestern  edge,  as  well  as  the  gen- 
eral oval  outline  of  other  portions  of  the  key,  indicated  that  it  originally 
extended  a  little  more  than  two  hundred  feet  out  in  this  direction,  and 
that  it  probably  here  also  contained  watcfr-courts,  fish-pounds  and  other 
features,  like  those  lower  down  on  the  opposite  margin.  It  also  indicated 
that  at  the  time  of  abandonment,  the  place  of  the  extensive  mangrove 
swamp  to  the  southward,  was  open  water,  and  that  the  main  tidal  cur- 
rent between  the  key  and  Caximbas  island  further  to  the  south,  tlowcd 
past  this  easterly  portion.  It  is  remarkable  that  Key  Marco  is  excep- 
tional in  having'  thus  been  somewhat  demolished  ;  for  of  more  than  si 
hundred  Iceys  examined  by  me,  first  and  last,  only  this  and  five  other* 
had  been  disturbed  by  the  countless  storms  that  have,  throughout  un- 
numbered centuries,  swept  those  regions  and  changed,  on  every  hand,  all 
other  sections  of  the  coast.  During  the  ages  that  must  have  elapsed 
since  these  gigantic  structures  were  jiiled  up,  they  have  stood  unscathed, 
the  stress  of  tidal  wave,  and  fiood  and  storm  ;  and  they  were,  in  early 
historic  days,  as  is  abundantly  attested  by  old  writers,  used  as  places  of 
refuge  in  times  of  inundation,  by  Indians,  as,  indeed,  they  have  continued 
to  be  used  ever  since,  even  by  modern  settlers. 
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Little  more  need  be  snid  of  tlie  Plun  and  Section  or  the  "Cuurt  of  lUe 
Pile  Dwellers"  at  Key  Harco.  shuwn  do  PUie  XXX[.  ihftn  Itao  already 
been  rem&rkcd  ia  tlic  teal  (on  pp.  350,  SSB.  And  BnccewUng  p»ges.  nnd 
again  Id  tbe  esplHiintiouB  of  figures,  that  follow). 

The  section  below  tliia  plan  corres|ion<l«  to  an  east  and  wpri  line 
tlinniffli  thf  court  froni  iilinve  section  1,  l<i  .il.nvo  sfi'M.iii  70  ;  „mi1  tlic 
heavy  liliick  1n>rilf.T-ljnc  aronnd  tlie  umrgius  of  the  court,  represents  accu 
ralely  llie  area  cleanly  excavated  by  us.  The  locniions  of  preliminary 
ext-avalions  by  Collier,  Wilkitis.  Durnlordaiiil  myself,  in  sections  14,  23. 
33.  :{3.  34  and  44 ;  lliosc  of  Ibv  sbdl  liotiisc- piers  and  -benches,  and  Ibrise 
of -triKiiiru)  finds  and  of  Ihc  inlel-  nnil  outlel-cauals.  are  signitlcanlly 
Inilicaleil  by  llie  diiltuil  enclosures,  legends,  and  gnipjiie  figures. 
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Plate  XXXII. 

Only  a  few  typical  examples  of  more  than  two  hundred  fairly  well 
preserved  tools  and  weapons  recovered  by  us  from  the  court  of  the  Pile 
Dwellers,  could  here  be  figured. 

Fig.  1.  Represents  a  hafted  busycon-,  or  conch-shell  gouge  or  adze — 
such  as  described  on  p.  308.  The  length  of  the  handle,  which  was  of 
buttonwood,  was  fifteen  inches  ;  of  the  shell  head  or  armature,  seven 
inches.  This  particular  specimen  was  found  by  Gause,  close  to  the 
edge  of  the  shell  bench, — in  section  21  (Plate  XXXI). 

Fig.  2.  Represents  the  handle  of  a  carving-adze  of  hard,  dark  wood, 
like  madeira  m  appearance.  It  and  others  of  its  kind  are  described  on 
p.  369  of  the  text.  The  length  of  its  handle,  from  end  to  crook,  was 
twelve  inches  ;  of  the  head,  from  the  crook  down  to  the  insertion  of  the 
socketed  blade-receptacle  of  deer  horn,  five  and  a  fraction  inches  ;  and  of 
this  ingenious  bit-holder,  three  inches.  It  was  found  with  eight  other 
similarly  crooked  and  socketed  adze-handles — all  contained  in  a  cere- 
monial pack, — in  section  40  (Plate  XXXI). 

Fig.  3.  Represents  a  superb,  single-hole  atlatl,  described  with  others, 
on  pp.  371  and  372.  It  is,  by  an  oversight,  figured  upside  down  in  this  il- 
lustration— the  tail  of  the  rabbit-carving  at  the  end,  having  been  skilfully 
adapted  to  form  the  propelling  spur  of  this  remarkable  throwing-appa- 
ratus.  Its  length  was  nineteen  inches,  and  it  was  made  from  fine, 
springy  hard  wood — ^like  rose  wood  in  appearance — probably  the  heart 
portion  of  the  so-called  iron -wood  of  the  region.  It  was  found,  associ- 
ated with  the  plugged  and  hollowed  or  "footed  "  shaflment  of  an  elabo- 
rate cane  thro  wing-spear, — in  section  62  (Plate  XXXI). 

Fig.  4.  Represents  a  double-holed  atlatl  or  spear- thrower.  It  is  de- 
scribed, with  the  preceding  specimen,  on  pp.  371,  372  of  the  text,  and 
like  it,  consisted  of  dark,  red-brown,  flexible  wood.  It  was  sixteen 
inches  in  length,  and  was  found, — in  section  29  (Plate  XXXI). 

Fig.  5.  Represents  roughly,  one  of  the  singular  and  highly  finished 
hard-wood  sabre-clubs  armed  with  shark  teeth,  which  are  described  on 
pp.  372,  373  of  the  text.  They  were  from  twenty-four  to  thirty  inches  in 
length,  and  probably,  like  the  war-clubs  of  the  ZufLi  Indians,  corre- 
sponded to  the  length  of  arm,  or  of  thigh  from  hip  to  knee,  of  those  who 
made  and  used  tliem.  The  si)ecimon  here  figured  was  found  by  Mr. 
Bergmann, — in  section  11  (Plate  XXXI). 

Fig.  6.  Represents  a  toy  canoe,  of  cypress  wood,  nineteen  and  three- 
quarter  inches  in  length.  As  described  on  p.  365  of  the  text,  it  was 
found  with  another  of  like  proportions — to  which  it  had  been  attached, 
probably  in  imitation  of  sea-going  catamaran-canoes  of  the  ancient  key 
dwellers,  bv  means  of  cross-stays, —  by  Gause  and  Clark, — in  section  26 
(Plate  XX:tl). 

Fig.  7.  Represents  a  little  fiat-bottomed  toy  canoe,  (such  as  descri])ed 
on  p.  364)  of  the  kind  supposed  to  have  ])een  used  in  canals,  bayous,  and 
other  shoal  waters.   It  was  found  by  myself, — in  section  7  (Plate  XXXI). 

Fig.  8.  Represents  a  paddle  of  hard  wood,  the  end  of  handle  burned  off 
as  described  on  pp.  361,  366.  It  was  found  by  Gause,  sticking  slantingly 
up  through  the  muck,  in  the  mouth  of  the  inlet-canal, — in  8ectu>n 
48  (Plate  XXXI). 
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Of  the  many  nnimal  fignrebeada,  anii  aclually,  as  weU»s  dccoralivelj,  1 
associated  human  masks  discovered  ia  tlic  Conn  of  the  Pilp  Dweller^  I 
thoso  of  the  wolf  and  wolf-man,  and  of  ihe  peltc&n  and  pelicaa-n 
only,  wer«  chosen  for  illustraiioii  lierc.  not  because  Ibey  were  the  mort 
strikiDg  or  perfect  examples  of  llie  kind  recovered,  but  because  they 
illustrate  more  completely  than  others,  the  singular  relations  and  mean- 
ings of  these  peculiar  objects  of  art — aa  I  have  endeavored  to  explain  tbetn 
In  the  text,  od  pp.  368  lo  394,  inclusive. 

Fig.  1.  Represents  very  perfectly,  the  wolf  flgureliead,  as  it  Hppeai? 
wiien  the  parts  are  put  together  as  the  relations  of  the  perforations  and 
cord  fragments  therein  indicate  they  were  originally  Joined.  When  thi$ 
flgurehead  was  found, — by  Oause  and  myself,  in  section  30,  Plate  XXXI 
— the  earpieces  were  back  lo  back,  and  were  Ihrusi  through  the  hollow 
head-piece  and  open  mouth  ;  and  the  conyenlional,  scrolMike  shoulder 
attd  leg-pieces,  were  laid  togeiher  lo  like  manner,  and  were  neatly  boiuid. 
with  strips  of  palmetto,  or  flag-leaf— still  green  in  color— lo  the  sideof  the 
heiid.  This  head-piece  was  six  and  one-half  inches  In  length  :  the  spread 
of  liic  .jiLivs,  five  imd  seven^eighth  inches  ;  the  ear-pieces,  six  inches  in 
leiiglli,  iiiid  tlic  Ic^  and  shoulder-pieces,  four  and  six-eigUllis  inches  lonj;. 
Happily.  .Mr.  Sawyer  was  able  to  make  an  excellent  waler^culorskeCcbof 
tlie  -peiinii!n  before  it  was  disiurbed,  and  another  after  it  was  put  lo- 
gc'iher  iind  was   slill  bright  witli  the   moisture   of  its  centuries  of  im- 

Fiif.  2,  Represents  the  buniaji  featured  mask  ansocialed  with  this  wolt 
figure-head.  It  iw  less  perfectly  ^hown  in  tlie  sketch,  since  the  details  of 
its  paint  decoration  do  not,  iji  mere  black  and  «  hile,  sliow  as  plainly  as 
could  be  itcpjred,  and  hence  the  really  unmistakable  correspondence  be- 
tween these  color-designs  (in  black,  brown,  gmy-blue  and  white), 
and  the  general  aspect  and  face-imtrkinga  of  the  animal-head,  is  not  so 
pronounced  as  in  the  original.  But  the  black  enr-marks  over  Ihe  eyes.  Ihe 
binck,  indi'nted  stripe  under  and  around  the  nostrils,  the  scrolMike  out- 
lines of  tbi'  shoulder- pieces  (In  while  lines  over  all  the  other  markings 
iii  the  middle  of  the  face),  and  the  /igxag  lines  representative  of  the 
gua6liin,2  teeth  or  luskeil  jaws  of  the  wolf  (across  the  checks  toward  the 
nioulh  i>f  the  musk),  will  at  once,  however,  be  recognized. 

Tbi^  mask  was  nine  inches  in  length,  by  si.\  inches  in  widlh,  and  wa> 
found  in  the  same  section.  (30),  not  only  with  the  wolf  figurehead,  but 
also  near  other  masks  ajid  figureheads. 

Fie.  ^'  Itepresenls.  on  a  gri-iitly  reduced  scale,  the  pelican  figurehead, — 
found  by  Cause  and  Hudson,  in  settion  40.     This  extraordinarily  grace- 
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ful,  and  realistically  painted  carving,  was  four  and  one-half  inches  high, 
by  three  inches  in  width  of  shoulders  ;  it  was  much  under  natural  size  of 
the  bird  it  represented,  but  it  was  surprisingly  life-like,  what  though  so 
beautifully  and  conventionally  idealized  as  a  figure  of  the  head  and  front 
of  the  pelican.  Near  it  were  thin  slats,  admirably  cut  and  painted  to 
represent  the  wings  of  the  bird  ;  and  they  were  pierced,  as  were  the  incut 
shoulders  of  the  figurehead  itself,  for  attachment  thereto.  The  mask  (fig. 
4)  found  near  this  figurehead  and  the  other  painted  carvings  mentioned, 
was  nine  and  one-eighth  Inches  high,  and  five  and  one-quarter  inches 
broad.  It  was  unquestionably  designed  to  represent  the  human,  or  man- 
god  counterpart  of  this  bird  ;  for  not  only  was  the  chin  protruded  and 
the  under  lip  pouted  to  symbolize  the  pouch  of  the  pelican,  but  also,  the 
rear  and  tail  of  the  body  (painted  in  white  on  the  chin),  the  trailing  legs 
(in  gray -blue  and  white  lines,  descending  from  the  nostrils  around  the 
corners  of  the  mouth),  the  wings  and  shoulders,  (in  dappled  white  over 
the  cheeks),  and  the  huge  bald  head  (in  white  on  the  forehead  of  the 
mask),  were  all  most  distinctly  suggested.  Moreover,  on  the  upper 
edge  of  the  mask  (at  the  terminal  point  of  the  bird  head  painted  on  the 
forehead),  were  perforations,  indicating  that  either  an  actual  beak,  or 
an  appendage  representative  thereof,  had  been  attached.  With  this  in 
mind,  if  the  mask  be  reversed  and  a  comparison  of  the  design  on  it  be 
made  with  the  figurehead,  or  with  the  imagined  form  of  a  flying  peli- 
can seen  from  above,  the  almost  ludicrous  resemblance  of  the  design  to 
its  supposed  original  will  readily  enough  be  seen. 
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Plate  XXXIV. 

Pig.  1,  in  Plate  XXXIV,  represents  a  tablet  of  rircAn  cfprefts  wond. 
shaved  -witb  shark-tooth  blades  lo  a  uniform  thickness  of  lee*  than  half 
&u  inthi — the  charseterislic  marks  of  this  work  being  visible  all  over  thf^ 
nnpainied  portions  of  both  Hides  of  the  board.  It  was  found  by  mysHf. 
standing  glaDtinglyuiirigbt— in  section  21  (Plato  XXXI),  Ike  paintetl 
side  fortnnateiy  protected  by  its  oblique  position.  It  was  marvelonsly 
fresh  when  first  uncovered, — the  wood,  of  a  bright  yellowish-br'>'WB 
color,  and  the  painting  vivid  and  tl^ar.  It  is  sixteen  and  a  half  inches 
in  length  by  eight  and  a  half  inches  tn  nidth,  and  was  slightlir  concavo- 
convei  from  side  lo  side.  Upon  the  hollow  side  is  painted  llie  figure  of 
a  crested  bird,  with  fonr  circlets  falling  from  his  moulh.  A  black  liar. 
and  over  it  the  outlines,  in  white,  of  an  anlmiLl,  is  represented  as  under 
the  talons;  and  a  long,  double -pointed  object, — probably  a  donlde- 
bluded  paddle. — Rs  borne  alofl  nnder  the  right  wing  of  the  figure. 

The  drawing  here  shown  was  made  IVont  a  very  obsclue  photo* 
graphic  print,  and  does  not,  therefore,  adequately  show  some  of  ilip 
niinulest,  yet  moat  significant  details  visible  in  either  the  original  or  in 
the  fine  full  sized  painling  made  by  Mr.  Sawyer  when  the  specimen  was 
freshly  taken  up  from  the  muck.  In  the  first  place,  the  bands  and  spaces 
of  white  on  the  figure,  enclosed  very  signilicant  zoncsof  clear  light  blue, 
—on  the  crest,  neck,  body  and  wings.  They  do  not  show  here,  but 
they  made  it  |H>sslblc  to  Identify  this  primitive  bird  painlinpf  as 
that  of  llie  jny.  or  else  of  the  kinn  Jiflirr.  or  more  probably  still. 
of  11  crested  myihic  bird  or  bivd-giHl  combining  attrihiilcs  of  both." 

•  In  i^rcreiicp  to  c«rt.illi  ac^arred  or  crf'Kl-mnrLnl  skiillii  found  by  us  In  (he  burial  mound 
BITanion  Springs,  I  wrnte  the  Cblcf  Klbiiologlsl  or  tbe  Bureau  of  American  EthaolOBT. 
Pror.  W  J  MtGee,  as  follows : 

" , — .,  It  la  a  well-kDOwn  fact  thai  verlaln  classea  of  men  nmong  tbe  Southem 

tribes,— nolabljr  those  of  the  Maskuklan  confederacy,  the  Creeks  especially.— wore  Ibe 
bair  tn  eiect  cre^ils,  cropped  niiil  narrow  In  froiil.  broadening  retirwardly  lo  tbe  back  or 
tbe  bead,  wb<;i«  It  ivas  allowed  lo  grow  lo  tbe  nnmutl  length,  and  wbencs  It  depended 
Ineacb  insc,  ellbcr  naturally  like  a  tail,  or  bound  about  wlih  furoratuO^  lo  form  tbeao- 
calleil  Ecalp-lock.  The  researches  of  (ral«cbet  make  it  evident  that  this  waa  tbe  EpecUl 
bail-dress  of  the  Warriurvlacs  (sec  portrait  of  Tooiochlchl,  a  Yamasee  war.cblef.  Id  Vrl- 
aperger.  lUl,  \).  He  Huds  that  in  the  Creek  language,  Tfti^a  |IIict)lUTiIs-sl),ilgniae( alike 
'Jay  or  kInH-fiahtr'C  erected  liinl  ')aii<l '  biilr-crest ;'  RbilcTAjtslkn-yasignlHes -Warrior: 
(111.,  -erest  Htamllng  up'— that  K  'be  of  the  erectile  crett').  from  other  sDurcea  It 
appears  timt  as  the  jay  was  reganied  a-  moro  powerful  lo  resisting  even  birds  of  prey 
than  were  any  other  blnls  of  hid  kind,— «s  was  also  Ihe  king-flsher.  so  nearly  reaemblinc 
him.  more  powerful  than  olher  birds  of  hiK  kind,— because  of  their  sbrlll  and  starlUng 
erlea  bti'I  Itii^lr  habits  of  erecting  their  hair-like  crests  when  alarmed  lo  defending,  or 
wralbfiil  in  offending  their  kind.    Wherefore,  i he  crest  of  the  Jay  and  of  the  male  kltig- 
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In  the  second  place,  all  of  the  main  outlines  of  this  primitive  painting, 
— the  crest,  neck,  breast,  shoulder,  and  oblique  end  of  the  tail,  were 
delicately  spaced,  so  as  to  produce  the  effect  of  double  outlining  and 
so  as  to  enhance  both  the  beauty  and  the  perspective  of  the  figure.  The 
centres  of  the  circlets  falling  from  the  open  beak  were  filled  with 
pigment— originally  blue,  white,  and  probably  red, — and  a  tongue-like 
line  of  white  extended  from  the  mouth  to  the  circlets  and  was  oppositely 
continued  in  black,  into  the  tJtront  of  the  figure — enabling  me  to  identify 
it  as  the  heart-line,  and  these  circlets  as  "living,"  or  "sounding" 
breaths  or  wonls — symbolizing  the  •'commands  of  the  four  quarters." 
The  animal  represented  under  the  talons  of  the  bird  figure,  had  a  long 
and  faintly  ringed  tail,  which  extended  nearly  to  the  lower  paddle- 
blade,  and  enabled  me  to  identify  it.  in  turn,  as  a  picture  of  the 
raccotm — all  as  more  fully  described  on  i)p.  884  and  885  of  the  text. 

Fig.  2  represents  one  of  those  mysterious  objects  described  on  j)]). 
382  to  385  inclusive,  as  "altar-",  or  "ancestral-tablets."  It  was  painted 
on  both  sides, — in  black  and  white  on  the  side  here  shown,  and  with 
four  round  marks  of  white  enclosed  and  dotted  in  black,  centrally  and 
equidistantly  disposed  along  the  other  side.  It  was  made  of  light  wood. 
— pine  or  cypress, — was  two  feet  three  and  a  half  inches  high,  ti-n  inchi's 
wide,  flat,  and  an  inch  thick  below  the  shoulders,  and  nearly  three  inches 
thick  in  the  middle  of  convex  shovel-shai>ed  head  or  nose.  It  seems  to 
he  the  highly  conventionalized  representation,  as  does  the  little  amulet 
of  coral  lime-stone  below  (Fig.  8,  which  is  ])arely  two  inches  long,  by 
one  and  a  quarter  inches  wide),  of  some  kind  of  monster  of  the  deep — 
like  the  alligator,  or  cayman  or  American  crocodile. 

Fig.  4  represents  the  painted  valve  of  a  pair  of  sun-shells  described  on 
pp.  S^6  and  387  ;  and  compared  as  to  details  on  pp.  :U)3.  304  and  402,  as 
well  as  in  Plate  XXXV.  with  corresponding  mound  builder  delineatit>ns. 
They  were  found  tightly  closed  together,  and  near  some  syniboU<*  head 
slats,  on  which  a  ])ird-god  (like  tlie  one  just  described)  had  been  painted. 
— in  section  30  (Plate  XXXI),  by  Messrs.  Gause  and  Her<;inann. 

Fig.  6  represents  a  beautiful  little  pestle  and  l)owl  of  mastieh-wood 
found  together  as  here  shown,  although  tilted  over — in  section  -10 — b\ 
Alfred  Hudson.  The  pestle  was  six  and  a  half  inches  high  ;  the  bowl. 
three  and  a  quarter  inches  in  diameter.  Jioth  were  handsomely  polished 
and  were  reticularly  decorated  with  incised  lines,  so  delicate  as  to  al- 
most escape  detection. 


fisher,— who  were  probably  bird-gods  of  war,— came  lo  be  hnittited  ( rciinxhiced,  ko  far  a^ 
possible)  In  the  head-ilrcfs«  (or  asi)i>ci;  of  the  Warrior— the  Wrathful  Defender  of  Ids  I'to- 
plc  and  their  Homes." 

I  quote  this  passajre.  whicli  ^as  later  substantially  published  in  i\ie  Amtrican  Anthro- 
pologic (vol.  X,  pp.  17  and  IS),  because  I  think  it  throws  light  on  the  meaning  of  the 
tablet  here  described  and  figured,  not  only  as  being  rrally  a  painting  of  the  Binl-(Jod  ol 
War  of  the  ancient  Jcey  dwellers,  but  al>o.  because  of  its  apimrent  bearioK  on  pn>bable 
historic  or  derivative  connections  of  the  Southern  Indians  with  a  key  dweller  people  or 
ancestry. 
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Fig.  0  repreaenls  a  little  Jewel -bos  lid  or  bottom,  ofliBrd.  dark  brown 
wood,  eight  inches  in  lenglU,  by  Tour  io  width.  The  ends  were  rabbetted 
iind  drilled  Tor  attachment  (with  sinew  and  biHck  gum.  traces  of  which 
remuinod),  to  the  ends  of  the  box.  and  the  ends  ihemBelves  were  in  jui- 
taponition.  Each  end  was  Ainr  inches  long  and  or  corresponding  width. 
and  painted  lengthwise  on  the  outside,  with  double  mythic  tie-cords  and 
ahcll-clttsp  Hguree.  The  bottom  and  the  other  parts  were  missing,  save 
for  f^ttgnlenta.  With  these  fragments,  liowever,  were  some  of  the 
most  superb  ear  jewels  and  plugs,  shell  beads  and  pearls,  among  ail 
our  findings.  Curiously  enough,  the  remarksble  ouiline  of  a  horned 
crocodile,  painted  on  ttiia  little  lid  as  here  shown,  occured  on  Ibe  intide. 
and  tbis  plainly  indicates  the  sacred  nature  of  the  box  and  its  content?. 
It  is  of  interest  lo  note  that  the  horned  crocodile  (or alligator}  was  seen 
liy  William  Bartram.  painted  on  the  facades  of  the  great  Baered  houses 
of  the  Creek  Indians,  when  he  visited  their  chief  towns  more  than  a 
hundred  years  ago. 

Tliis  specimen  was  found  by  Hudson  and  myself,  with  the  ceremonial 
pack  and  painted  shell  described  on  pp.  Bftl,  380,— in  section  «  (Plate 
XXXI). 

Fig.  7  represents  a  stool.— described,  with  others  of  its  kind,  on  p. 
363.  It  is  seventeen  inches  in  length,  between  six  and  seven  inches  in 
width,  and  at  one  end.  five,  at  the  other  end,  six  inches  liigh.  It  was 
blocked  out  with  shell  adjiea — as  shown  by  traces  of  backing  still  visible 
on  its  under  side,  llieu  finished  with  shsrk  lootb  knives, — from  a  piece 
of  hard,  yellowish  wood,  probably  buttonwood.  It  was  found  by 
Clark,— in  secllon  31. 

I  would  call  attention  to  the  fact  that  it  is  sloped,  or  higher  at  one 
end  than  at  the  other.  This  indicates  that  it  was  designed  for  use  mtride. 
so  to  say,  as  is  also  indicated  in  other,  even  uusloped  specimens,  by 
the  slant  of  the  pegs  or  feel,  which  adapted  some  of  these  stools  for  use  in 
canoes,  lengthwise,  but  not  crosswise.  It  is  well  known  that  the  Antil- 
leans,  whose  stools,  while  far  more  elaborate  than  those  we  found,  were 
not  unlike  them  in  style,  had  a  fashion  of  sitting  astride  or  lengthwise 
of  thera.  While  this  may,  with  many  other  points,  signify  connection, 
it  far  more  certainly  sigoities  that  this  curious  way  of  sitting  was 
established  by  tlie  use  of  long  stools  in  narrow  canoes,  and  possibly 
also,  by  use  of  the  sitting-hammock. 
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Plate  XXXV. 

The  first  figure  here  given,  represents  the  statuette  of  a  panther  or 
mountain  lion-god.  It  is  six  inches  in  height  by  two  and  a  half  Inches 
in  length  of  base,  from  heel  to  knee-bend.  It  is  carved  from  an  exceed- 
ingly hard  knot,  or  gnarled  block  of  fine,  dark-brown  wood,  and  had 
either  been  saturated  with  some  kind  of  varnish,  or  more  probably  had 
been  frequently  anointed  with  the  fat  of  slain  animals  or  victims. 
To  this,  doubtless,  its  remarkable  preservation  is  due  ;  for  it  is  still  rela- 
tively heavier,  harder,  and  less  shrunken  by  drying,  than  any  other 
specimen  of  like  material  in  the  collection. 

This  extraordinary  object  of  art  is  generally  described  on  p.  387,  and  is 
referred  to  elsewhere  in  the  text ;  but  I  would  again  call  attention  to 
the  fact  that  while  the  head  and  body  are  not  only  delicately  fashioned 
and  finished,  even  to  the  extent  of  polishing,  the  legs  and  the  ends  of  the 
paws,  although  smoothed  outside,  are  simply  shaped,  and, — as  though 
purposely — left  unfinished  ;  and  the  spaces  below  the  tail — which  is  con- 
ventionally laid  along  the  back  after  the  manner  of  Zuni  carvings  of 
the  same  sort  of  animal -god — and  the  spaces  between  the  legs,  still  show 
the  characteristic  marks  of  the  fine-edged  shark-tooth-blade  with  which 
the  figure  was  carved. 

I  found  this  gem  of  our  art  collections— on  a  happy  day — at  a  depth  of 
not  more  than  twenty  inches,  just  between  the  overlying  muck  and  the 
middle  stratum  of  peat-marl,  near  the  edge  of  the  shell-bench — in  section 
15.  Not  far  away  were  found,  a  large  stool,  a  decayed  mask,  portions 
of  a  short  wooden  stave,  and  of  symbolic  ear- buttons  ;  a  sheaf  of  about 
two  dozen  throwing  arrows,  and  other  remains  of  warrior-  and  hunter- 
paraphernalia  and  accoutrements.  This  aflfords  convincing  evidence 
that  the  statuette  was  a  fetish  or  god  of  war  or  the  hunt,  like  its  clum- 
sier stone  analogues  in  Zu&i  land. 

Fig.  2  represents  the  finest  and  most  perfectly  preserved  example  of 
combined  carving  and  painting,  that  we  found — unless  the  figurehead 
of  a  great  sea  turtle  and  its  companion  masks,  referred  to  on  p.  89,  be 
exempted.  In  form,  or  mere  contour,  it  portrayed  with  startling  fidelity 
and  delicacy,  the  head  of  a  young  deer  or  doe,  a  little  under  life-size  ; 
that  is,  in  length,  from  back  of  head  to  muzzle,  seven  and  a  half  inches  ; 
in  breadth  across  the  forehead,  five  and  a  half  inches.  The  view,  as 
stated  in  the  text,  on  p.  892,  where  the  significance  of  this  figurehead  is 
discussed  at  large, — was  an  unfortunate  choice  for  illustration,  since  it 
is  in  full  front,  instead  of  in  profile  or  a  Ihrrc  quarter  aspect.  Certain 
points  not  noted  in  the  text  should  be  referred  to  hero.  Not  only  were 
the  ears,  the  bases  of  which  were  hollow,  or  tubular— and  as  already 
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BUted  tntosflxed  with  pegs  to  facilitate  allaclnnent  by  mettiiB  of  corrN 
passed  llirougb  bifurcate  holes  at  the  back  edge  of  the  headpiece, — bill 
they  were  aiKO  relallvely  large,  and  were  fluted,  and  their  tips  wcrt- 
curved  as  in  uaiure.  only  more  regularly  ;  and  they  were  palmed  insidi* 
with  a  creamy  pink-white  pigment  to  represent  tbeir  traaatiicenry  ;  nud 
the  black  baiF'tufts  at  the  back  were  neatly  reprcaonled  by  ftborl,  don> 
ble  black  streaks  of  paint,  laid  on  lengthwise  and  close  together.  On  Ibe 
cruwn  of  the  head  were  two  slight,  tlftt  protuberances,  with  centml  pc):- 
lioles,  for  the  attachment  of  small  antlers,  probably  imitatiTo.  for  thoy 
Lud  disappeared,  as  actual  horus  would  not  have  done. 

The  slime  of  the  turtoiae-sbell  eyes  still  remained  in  pUci>,  and  tIi« 
combined  bees-wax  and  rubber-gum  cement  wilh  which  Ihej-  had  I<(-vd 
aecured  was  still  intact  when  the  specimen  was  fonnd.  Th«  whites 
of  the  eyes  had  consisted  at  some  very  bright  gtim-like  substance,  and 
the  front  corners  or  ereasua  of  lite  eyes  had  been  filled  with  btiM'k 
gum  and  varnish,  highly  polished,  so  that,  save  for  the  fnnr  conven- 
tional sets  of  equidistantly  radiating  wink^r-marks,  they  gave  a  nur- 
prisingly  life-like,  realistic  and  timid  or  appealing,  yet  winsome  ex- 
pression, to  the  whole  &ce.  The  muzzle,  nostrils,  and  especially  the 
exiiuisitely  modeled  and  painted  chin  and  lower  jaw.  were  so  delicairly 
idealized  that  it  was  evident  the  primitive  artist  who  fa&hioned  ihis 
masierpiece,  loved,  with  both  ardur  and  reverence,  the  animal  he  wo^ 
portray  ill  g. 

Tlie  face- markings  were  perfectly  symmclricnl.  Those  in  wbilf  are 
HUfltcienlly  shown  in  the  dr.iwiuK-  The  cheeks  or  jowls  were  gray-1ihn', 
merging  upwardly  into  black,  and  the  two  central  and  lateral  bands  over 
the  forelioad  were  divided  by  a  deep  black  band,  and  were  themselves  of 
a  deeper  idue.  The  face,  below  the  forehead-crescent,  and  between  and 
to  either  side  of  tliL-  white  nose-mnrks,  wns  painted  a  dull  black  ;  wbilf 
the  uoKxle  was  covered  ivilh  an  intensely  black  and  gleaming  varni-b. 
and  the  nostrils,  which  were  outlined  in  black,  were  deeply  cut  in  and 
partially  tilled  wilh  a  thick  dead  black  substance,  to  make  them  appear 
stilhlee'per. 

r  m-cd  only  .idd  thai  all  the  face*murks  were  not  only  delicately  out- 
lined with  bhii'k,  but  were  edged  with  flne,  regular  hair- marks ;  and  that 
like  marks.  »s  well  us  minute  slipplings,  covered  all  the  blue,  and  li;;h1er 
black  urc-as  of  tlic  face  and  sides,  while  alonj;,  and  to  the  rear,  of  ibe 
upper  lip.  tlic  hair-warts  were  represented  by  neat,  oval  and  regularly 
disposed,  thick  or  protuberiinl  dots  of  black  gimi  or  varnish. 

Altliou;;b  f<  much  of  the  line-pninting  on  this  Hgure  was  as  line  as 
though  made  wiili  a  camcr^liair  brush,  it  was  evident,  as  on  other 
painted  siiciiiiii'm.,  ilial  jioiuts  and  spatula;  of  some  kind— probably  of 
wood— ii?  well  iiH  brushes  of  Imnian  hair,  had  been  employed  in  much  of 
llie  work ;  for  the  pniiit  was  mixoil  thickly  wilh  gum-sizing, — such  as  we 
found  iiiiiiiy  luiiip^  of,  in  se\  cral  shells  tilled  wilh  both  the  black  kind. 
and  Willi  the  less  pcnnaiicnt  white  and  blue  kinds  of  pigment., 

Foriuriaiely,  we  sccun-d  an  excellent   photograph  of  this  splendid 
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specimen,  in  situ  ;  and  fortunately,  also,  it  was  immediately  yielded  to 
Mrs.  Cushing's  care.  For  she  placed  it,  with  a  few  other  choice  speci- 
mens, in  a  protected  corner  of  our  cabin,  turning  it  and  them,  carefully, 
daily,  so  that  they  dried  so  evenly  and  slowly  that  they  neither  warped 
nor  checked— only  grew  smaller  in  the  process. 

Fig.  8, — a,  b,  c,  d,  e,  and  f.  The  illustration  here  offered  has  been  so 
fully  referred  to  in  various  portions  of  the  text,  especially  on  pp.  393, 
894  and  402,  that  little  need  be  added. 

While  the  central  figure  represents  the  art  of  the  Georgia  mound 
builders,  the  marginal  figures  (of  warclub,  a — described  on  p.  878)  ;  of 
plait-bound  wrist-band  and  leg-band  (&,  c, — both  painted  in  ventral 
valve  of  a  sun-shell,  described  on  pp.  386,  887  and  illustrated  in  Fig.  4, 
Plate  XXXIV)  ;  of  large,  inlaid,  eye-like  ear-button  ((7, — described  on 
pp.  374,  375) ;  and  of  mask  and  ear-plug  (/, — respectively  described 
on  p.  375  and  pp.  888  et  seq.)»  are  taken  from  objects  and  art  specimens 
found  by  us  in  the  Court  of  the  Pile  Dwellers,  at  Key  Marco.  The  corre- 
spondence between  them  and  the  details  and  paraphernalia  of  the 
Oeorgia  figure,  is  suflUciently  apparent  at  a  glance. 

It  is  desirable,  however,  to  indicate  several  other  points  of  correspon- 
<lence  which  might  have  been  as  clearly  shown,  given  more  ample  scope 
of  illustration.  In  fact,  our  finds  in  the  keys, — carefully  observed  in 
their  relations  to  one  another, — actually  furnish  a  nearly  complete  com- 
mentary or  explanation,  of  almost  everything  portrayed  in  connection 
with  this  remarkable  delineation  of  the  ancient  mound  builders  so 
skilfully  rendered  and  accurately  reproduced  in  Prof.  Holme's  drawing 
here  given. 

To  begin  with,  the  war-club  we  found  was  inactical — a  war-club  for 
use  ;  while  the  baton-like  war-club  held  in  the  Irnnd  of  the  figure  was 
ceremonial  and  decorative.  Nevertheless,  our  specimen,  like  the  one  in 
the  figure,  was  furnished  with  a  knob  at  the  end,  grooved  for  the  attach- 
ment ot  a  tassel,  precisely  like  the  other  one,  conventionally  shown  in 
this  figure  ;  that  is,  the  cord  of  attachment  had  been  furnished,  not  with 
two,  but  with  one,  sliding-bead  (similar  beads  of  both  shell  and  deer- 
horn  were  frequently  found  by  us).  The  node  below  these  beads  had 
been  formed  by  enwrapping  a  little  conical  plug  of  wood  lengthwise 
and  then  around — in  a  manner  quite  familiar  to  our  grandmothers,  and 
shown  clearly  in  the  figure  before  us — and  the  fringe  of  the  tassel  had 
been  made  of  combined  yellow,  and  green,  very  finely  twisted,  sea  island 
cotton  cordage. 

I  have  already  commented  upon  the  beads  of  the  necklace  worn  in 
this  figure.  The  pendant  hanging  therefrom,  represents  a  typical  form 
found  in  all  the  more  northerly  of  the  Florida  Keys.  It  is  made  from  the 
columnella  and  a  portion  of  the  spire  of  the  busycon-conch-shell  so  com- 
mon there.  These  large-headed,  pin-like  pendants,  were  not  only  used 
as  such,  on  necklaces,  but  were  also  favorite  ear-spikes  and  -pendants 
combined.    When  worn  as  ear-spikes,  thej  were  thmst  through  the 
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MUie  polished  conical  plau  romed  (Vom  Um  Fpin  of  tfae-il 
IKea  convex  disc,  in  franl. 

Tbe  cenlixl  portioa  ol  sucb  %  head-ftoiiltet  ■>  is  Aowb  IbtbhI  dA*- 
wtec  over  ibe  forehead  of  ilij6  figurci,  w*a  fonud  bj  tne  btfweem  Bcctinaa 
SO  Hiid  29.  near  Ihe  fine  flgmvfaead  of  %o  ospny  or  ftak  hawk.  It  om- 
■uted.  nol  of  foar.  but  of  ux.  elender  j-fIIow  woodca  ■lal>,  »h»T«4  ^ 
lliln  u  cardhnanl.  and  lying  ^de  by  ttda. — in  vhidi  poBtJon  nrlaUie 
lo  one  uiulbcr.  Iliey  h&d  beeo  Mcnred  bf  flne  Ihnsdt.  alteraatclj 
woven  orer  nnd  under  Ibe  slals.  prc«i*elf  aa  seenia  Ui  be  iaditatrd  tn 
Ibis  priiuitive  del  In «« lion.  The  slals  that  1  fonnd.  btwever.  bad  bern 
flared  ovfrr  with  liluk  paint  (and  probably  other  colon),  btil  thedr- 
aign  conld  no  longer  be  made  out. 

One  other  feature  in  Ihii  flgvrp  descrrcs  igtrrpretaltoB  In  ibr  light  af 
onr  finds— the  repreaenutiona  of  hair  on  variona  part*  of  il.  On  Mch 
of  (lur  i>i>ccini«n8  mi  exfatbiled  hair  paioting,  the  oaode  of  rrpra«e«it«lina 
WSM  precisely  inch  as  thai  eihibited  amand,  ( 1 )  the  pobilnl  dap  al  tbc 
liip  of  Ibe  figure :  (3)  on  the  croM-tnarked,  •emirln-ulai  band  at  tbp  lauk 
of  the  head,  as  well  as.  (3)  tn  Ibe  centre  of  ibe  object  that  stand* 
elantingly  up  Ihercfrom  ;  and  finallT,  (1)on  the  tail-like  law«l  stiffly  de- 
pending from  the  back  oflhe  head,  ai  well  aa  (S)  over  the  cresi  of  tba 
hand-niiisk  held  below.  All  ihi*  makea  h  clear  that  <1)  the  dap  in  qtice- 
linn,  was  Ihai  of  a  beaded  and  otherwise  decorated  girdle-pouch  aXftw  ; 
that  the  semicimilar  band  (2)  was  a  hair-ere^  wliile  Ihe  object  (31 
shiMiinL'  lip  from  it,  was  an  (-lalMiratc  bair-knot.  atiacbed  to  either  side  fif 
wIiLpIi  wa>  a  Ihin  >(-niicirciilar  plate. — in  this  c«*e,  probably,  of  mica  ;  for 
aiiioiifT  Ihe  keys,  (lilmilar,  curiuus  plates,  were  nwde  eiibcr  of  gleaminc 
pinna  slitti,  or  nf  rubbed  down,  and  bigiily  |Milisbed  pectcn  shelU; 
ntiili'  ill  ancK-nl  Shawnee  inciund.!^.  identical  fornix  have  been  found, 
maile,  liowevt-r.  froU]  the  palmate  jiortiuns  of  elk  horn^  and  furnished 
with  tei.-tli  or  narrow  combs,  unmistakably  to  facilitate  insertion  inio  the 
balr.  Finally  (4)  the  dark  Inssel  is  Mmply  a  plaited  i^calp-lock  orquene, 
Ihe  end  cut  iifl"  si|uarely.  and  Uic  bair  sinniUng  oul,  therefore,  like  Ihe 
lirisik-s  nf  a  much  spread  brush. 

Yft  oilier  details  in  this  and  kindred  figures  of  mound  builder  art,  could 
be  explained  eijually  well  by  ciimparisons  wtlh  our  tiiids  as  observed  i*ii 
»itn.  bul  enough  has  been  said,  1  trusi,  to  render  nuiie  conclusive  Ihe 
cloBt  and  actual  relation,  If  not  Ibe  identity,  of  our  key-dweller  art.  wilb 
typical  examples  like  Ihis  of  mound  builder  art — sucb  relalioo  as  I  have 
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Discussion. 
Dr.  Brinton  : 

Mr,  President : — After  the  brilliant  demonstration  of  discoveries  in 
an  entirely  new  field  of  American  archseology,  to  which  we  have  been 
privileged  to  listen  this  evening,  all  that  I  could  add  is  a  discussion  as 
to  the  probabilities  of  the  builders  of  those  remarkable  remains  being 
known  or  unknown  to  us.  I  shall  review,  briefly,  the  history,  so  far 
as  we  know  it,  and  the  ethnography,  so  far  as  we  know  it,  of  the  locali- 
ties in  which  these  were  found. 

Columbus,  in  his  first  three  voyages,  did  not  hear  of  the  Northern 
continent.  He  struck  the  Bahamas  ;  he  was  in  Cuba  ;  he  heard  of  the 
Southern  continent ;  he  heard  of  Yucatan  ;  but  he  did  not  hear,  appa- 
rently, of  Florida.  His  last  voyages  were  made  from  what  he  had 
learned  from  the  Indians  of  Cuba  as  to  where  the  mainland  was  situ- 
ated. He  went  toward  the  south,  as  you  know,  and  toward  the  west. 
He  did  not  go  toward  the  north.  So  far  as  we  know  the  first  informa- 
tion which  was  derived  by  the  Spanish  settlers  of  Cuba  and  the  Antilles 
— their  first  information  of  the  Northern  continent — came  somewhat 
later.  It  was  probably  twenty  years  afterward  that  they  first  made 
their  expedition  to  discover  what  is  now  known  as  Florida. 

The  earliest  exploration,  which  was  that  made  by  Ponce  de  Leon, 
he  was  distinctly  led  to  make,  according  to  the  information  we  derive 
from  his  contemporaries,  by  reports  of  the  Indians  of  Cuba.  He  went 
very  nearly  to  this  spot  which  has  been  shown  on  the  map  this  evening 
and  journeyed  northward.  What  led  him,  according  to  the  statements, 
was  not  only  the  thirst  for  gold  but  a  nobler  idea,  the  discovery  of  the 
fountain,  the  river,  of  perpetual  life.  It  is  a  common  belief,  among 
the  North  American  and  South  American  Indians,  that  somewhere  or 
other  there  is  that  fountain  or  stream.  It  can  be  explained  by  their 
general  theory  of  mythology.  No  doubt  it  was  shared  by  the  Indians 
of  Cuba ;  no  doubt  he  heard  of  that,  and  it  led  him,  therefore,  in  part, 
to  make  his  expedition.  He  carried  it  out  with  unfortunate  results,  so 
we  have  never  been  able  to  profit  by  the  discovery  in  the  sense  In  which 
he  intended  it.  That  was  about  1512  to  1520 — two  expeditions  which 
were  sent  out  by  him  or  under  his  charge.  We  have  no  very  full 
reports  of  them,  although  we  have  some  accounts. 

On  the  other  hand,  we  have  abundant  information  of  the  expedition 
which  was  headed  by  Hernando  de  Soto,  who  reached  the  Florida  shore 
in  1540.  He  landed  also  on  the  west  coast  of  Florida,  and  probably  in 
Tampa  Bay  ;  most  likely  near  the  present  town  of  Tampa.  We  learn 
from  the  accounts  of  that  expedition  that  he  discovered  there  tribes  who 
were  accustomed  to  build  just  such  mounds  as  have  been  described  to 
you  this  evening.  Those  mounds  are  still  in  existence,  and,  so  far  a^ 
we  can  locate  the  mound-builders,  they  were  precisely  where  he 
pointed  them  out.    The  historians  of  his  expedition  say,  "The  natives 
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liuildcd  tlioir  bouses  nn  monads  oiHtle  with  band  for  «irenglli,"  as  mlH- 
Ury  poBitioDB,  and  in  order  to  mis*  tlieni  »liovt  iht  wiiiers  wUirfi  some- 
timna  inv&dcd  liiem.  Wr  have,  theivfurc.  a  ilistinrt  «iaiemont,  whioli 
i^anuot  be  coQtrovertod,  tli&t  al  thai  t)m«  lliose  people  wen*  accustomed 
to  builil  JuBl  gacli  elruclures  ns  those  which  hnre  tieeii  int^nlioned  to 
you  lA -night. 

Prom  iLal  time  on  the  Eources  of  our  Information  are  rather  aliundaul. 
There  was  a  Spaniard  (oue  of  inauy  who  had  heen  wracked  no  the 
Florida  reefs)  hy  nsme  il'Escalante  Foataneda.  who  had  t>ccD  captured 
by  the  Indians  and  remained  with  Ihem  six  or  eight  years,  iihout  1559  lu 
lOflO.  He  lived  to  write  an  account  of  hia  explointlons  there.  He  snid 
he  had  traveled  all  nver  the  peninxula  of  fair  Florida,  and  adds  (hai  lie 
"  liad  haihed  in  every  rivnr  llint  hi?  Iiiid  come  to,  hoping  Ihnl  It  would 
he  the  one  to  confer  np<in  him  perpetual  life."  He  regretted  to  add 
ihai  he  had  uol  found  It,  otherwise  we  shoukl  have  had  hiiu  here  lo- 
uighi. 

He  aays  of  the  people  there  dwellin)>  that  they  "  live  in  a  coudltiou 
of  comparstiVB  Bimplidty,  bnt  arc  great  warrior*  and  flne  orchera."  He 
addn  that  they  wore  divided  into  a  certain  seri<>s  of  village  commuDJ- 
lies;  and  he  menlloaeone  in  particular  where  he  stayed  the  longest 
timt!,  about  the  localilj  described  by  Sr.  Uushing.  He  ipvcs  us  the 
name  of  the  chipf  of  the  couairy,  Caloosa  ;  be  lelU  ns  also  that  that 
bad  been  a  kingdom  for  many  generations,  and  nirnishes  a  few  partirn- 
lars  as  to  Ihc  genealogy  of  the  kine: ;  among  olher-i.  the  name  of  his 
father  (Sequene)  and  the  names  of  his  ancestors.  We  have,  therefore, 
rather  strong  evidence  from  this  that  the  people  who  constructed  these 
mounds  belonged  to  a  race  who  continued  to  live  there  for  some  time 
after  the  llrst  discovery  of  the  country. 

From  that  lime  on  Florida  becomes  a  known  country.  lu  1563.  the 
Protcslanis,  who  had  been  sent  out  hy  Admiral  Coliguy,  settled  in  the 
vicinity  of  the  lower  Si.  Johns,  not  far  from  St.  Augustine.  They 
remained  there  five  years;  wrote  several  very  excellent  books  about 
it  (which  we  still  have,  fortunately);  when  they  were  dispossessed 
and  mostly  massacred  by  the  Spaniards  who  came  in  1567.  The  Span- 
iards made  a  permanent  settlement. 

The  French  had  gone  far  up  the  St.  Johns  River,  probably  to  Lake 
Okeechobee.  Tlie  Spaniards  explored  it  quite  tlioroughly  and  their 
priests  immediately  began  to  study  the  languages  and  wrile  books  in 
them  and  instruct  their  converts  in  religion.  We  have  not  all  those 
books,  but  we  have  several  of  Ihem,  so  that  we  know  something  about 
the  ualive  tongues  of  Florida  at  that  time. 

I  need  scarcely  pursue  this  branch  of  Ihe  auhject  further  than  to  say 
lliat  it  was  prohahlj'  nearly  a  century  before  a  Christian  (Catholic) 
church  was  founded  directly  in  Ihe  locality  which  has  been  described 
to-night.  It  was  probably  about  1680  or  1666  that  Ihe  Bishop  estab- 
lished a  permanent  priest  there.    He  did  not,  however,  have  sufflcieot 
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means  to  extend  his  parochial  duties  very  far ;  so  that  a  chieftain  of  this 
very  tribe  went  over  to  the  Bishop  of  Havana  in  1668  and  asked  for  an 
additional  priest.  We  have  the  record  of  that  journey.  He  sent  over 
with  this  messenger  a  written  description  of  what  he  wanted,  not  writ- 
ten in  the  Spanish  nor  in  Latin  letters,  but  in  characters  which  they 
were  accustomed  to  use,  somewhat  similar,  probably,  to  those  four 
speech-words  which  Mr.  Gushing  has  shown  us  to-night  on  one  of  these 
illustrations,  some  form  of  hieroglyph. 

Now,  how  can  we  get  at  the  evidence  as  to  who  these  people  were? 
We  found,  in  the  first  place,  the  earliest  discoverers  meeting  with  tribes 
who  lived  upon  mounds  made  in  the  manner  described.  They  are  not 
depicted  in  fiill  ;  but  the  fact  that  they  were  mound-builders  and 
mound-dwellers  leads  us  to  suppose  that  they  might  have  extended  to 
the  Florida  keys  and  also  the  Ten  Thousand  Islands  on  the  southwes- 
tern coast.  We  have,  I  take  it,  the  means  to  a  solution  through  our 
linguistic  studies.  Hernando  d'Escalante  Fontaneda  (the  Spaniard 
whom  I  spoke  of,  who  lived  between  1650  to  1560  some  five  or  six 
years  in  this  verj*  locality)  has  left  us  in  his  memoir  some  fifty  or  sixty 
names  of  the  native  towns,  villages,  chiefs  and  peoples.  They  have 
been  very  carefully  examined  by  Mr.  Buckingham  Smith,  with  the  aid 
of  Mr.  Pitchlyn  (a  native  Choctaw),  and  they  have,  I  consider,  been 
practically  identified  by  him  as  belonging  to  the  Choctaw  group  of  dia- 
lects. He  has,  it  appears  to  me,  sufficiently  shown  this.  I  will  give 
you  two  examples  out  of  a  number  Fontaneda  tells  us  that  one  of  the 
villages  was  called  Cuchiyaga,  which  he  translated  "The  Town  of 
Weeping."  Now  Mr.  Pitchlyn  says  this  means  in  Choctaw  literally, 
*' Where  we  are  going  to  weep."  He  gives  us  the  name  of  the  king, 
Caloosa.  There  is  no  doubt  that  is  a  Choctaw  word.  Fontaneda  says 
that  it  means  brave,  or  fierce,  or  cruel ;  Pitchlyn  says  Caloosa  means 
"the  brave  black  man,"  "the  brave  dark -colored  man,"  dark  or  black 
being  also  the  symbol  for  bravery,  boldness,  ferocity.  We  have,  there- 
fore, these  two  words,  the  meanings  of  which  are  given  by  Fontaneda, 
and  which  Pitchlyn  says  are  good  Choctaw  to-day.  I  take  it,  there- 
fore, that  there  is  a  very  strong  supposition  that  the  inhabitants  of  south- 
western Florida  spoke  a  Choctaw  dialect. 

It  is  somewhat  remarkable  that  we  do  not  find  any  French  or  any 
Spanish  early  accounts,  giving  traces  of  the  Choctaw  in  the  vicinity  of 
the  lower  St.  Johns.  That  region  was  populated  by  an  entirely  differ- 
ent linguistic  stock  and  people,  the  Tiniucuas.  Their  language  has  no 
similarity  to  any  other,  either  in  the  Northern  or  Southern  continent.  It 
is  absolutely  extinct  and  was  a  century  ago  ;  but  we  have,  fortunately, 
one  grammar  and  a  confessional  in  it,  which  have  been  lately  published 
by  the  diligence  of  several  eminent  French  scholars.  We  do  not  find 
the  Tiniuquanan  words  on  the  west  coast  of  Florida,  except  in  the 
vicinity  of  Cedar  Keys  considerably  to  the  north  of  the  locality  spoken 
of  to-night. 
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Mr.  Cushing  L«ft  pointed  out  n  similttrit)'  between  the  uuliural  cle- 
menu  diecDvereil  there  And  tlioae  in  tlip  vicinity  at  tlio  F.tnwkli  niiundu, 
where  tlie  purlicular  dosigii  L«  showeil  ujKia  lUe  ocreon  bns  been  takeu 
friim.  We  Icnon-  that  tUe  Elciwnh  immnda  wore  diatiDC^Ily  in  the  Clior- 
tnw  poiinlry.  I  bolleve,  thPrefore,  thai  rroni  the  cultural  side  of  the 
qiieBlion  wo  have  evidence  Bnough  to  sny  thai  the  nimin  dlald-t  orsimtU- 
erii  Floridn  ut  the  time  or  the  discnTorj'  wan  CiiiMrtaw. 

At  thd  atitiie  time  I  desire  lu  bring  forward  some  evidence  to  nbciw 
that  it  wits  uot  oxelUBively  Choctaw  cultun-.  Our  very  eminent  Amrri- 
iKU  urcha-nliiglet.  Prof.  Holmes,  linn  iiiHde  n  Hudy  of  pottery  IhmuglioDi 
weRteni  Plortds,  iii  which  he  has  shown  tUnl  the  deeomilon*  of  ihni 
pollery  are  peculiar  in  eliamcter  and  hnvr  many  similarilies  tn  what  lie 
calls  the  "AniillBan  cnlture,"  "r  the  cnlturo  of  the  Great  Atitl11e»— 
Cul>a  and  so  forlb.  In  eonveraatiiiu  with  kiln,  however,  be  lelU  me 
that  lOI  the  Bpecimeos  on  which  he  l)iiseg  Ihla  arc  superOeial  flndo  ;  In 
other  wonU,  they  lay  upon  the  top  of  the  moDnds  and  vlllnxe  sitet  and 
are  not  ancient.  He  believes,  therefore,  tlint  the  influence  uf  tlial  cul- 
ture nrrired  at  a  com pn rati vely  late  period.  Tlie  exptanMion  of  tbtil  I 
believe  we  can  obtain  from  this  same  ^ihhI  old  H|>anUrd.  Fuotaneda. 
He  tdlR  us  in  his  memoir  tliat  the  natives  of  Onba  used  lo  eome  acmM 
the  Qulf  Bire&m  and  land  in  Florida  iu  seorcU  of  the  fouDtaln  or  life : 
ttnd  that  they  oame  finally  In  such  DnmlMre.  llint  the  king,  Cklouea,  nr 
his  father,  Seqiiene,  assigned  to  them  a  particular  village  In  which  they 
shoiiM  live,  rcUirif;  tbcm  tliiil  it  was  useless  lo  pursue  Ihal  quest  any 
riirlb.T.  No  d.mbt  he  hail  l.Kikoil  for  it  hlmsplf,  with  disappoinliiij;  r.'- 
sultn,  and  therefore  In-  iifMsined  to  Ibein  a  pjirliciilar  locality  on  one  of 
ihcse  i!-l;iiids,  and  told  them  lo  live  there.  In  all  likelihood  they 
hroiiirht  with  them  some  touches  of  Anlilkan  culture,  whieli  oxplaiiif. 
Ihc  drconitivt-  dcsifirns  of  Prof.  Holmes. 

It  is  nol  likely  llial  we  can  find  any  trace  there  of  true  Sonlh  -Ameri- 
can culture.  The  only  people  who  occupied  the  Great  -Antilles  and  the 
ItalL^ima^  and  nil  the'  northern  portion  of  the  West  Indies,  wi-re  the 
Aruwaks.  There  has  lieen  some  question  of  Cariblican  decorative  de- 
signs ;  lint  the  Carilis  never  extended  their  permanent  settlements  even 
lo  the  island  of  Cnlia.  They  were  known  there  and  Columbu!'  first 
heard  "f  them  Ibcre,  luit  they  ciinie  merely  as  pirates  ;  they  plundered 
the  shores  anil  carried  otf  women.  These  Carilis  came  rather  late  to 
Ihc  norlhcrn  shores  of  South  America.  They  have  been  traced  in  the 
last  ten  years  In  a  manner  which,  1  believe,  is  completely  salisfactoiy  In 
-Ami^rican  scholars.  They  neverconstructed  a  single  permanent  village 
on  any  part  of  the  North  American  continent  ;  never  anywhere  north 
of  the  Isthmus  of  Panama  :  never  in  Florida  or  along  Ihc  gulf.  If  so, 
wc  have  no  evidence  of  it  whatever ;  il  has  |ierished  utterly.  As  to  the 
Mayas.  Columbus  distinctly  heard  of  the  Mayas  in  Cuba;  his  attention 
wasi-iilled  to  them  by  tlie  fact  that  the  Cubans  had  wax.  which  they 
dill  not  make  from  their  native  bees.  It  was  the  discovery  of  that  wax 
in  Cuba  which  led  him  to  iniiuire  and  to  ascertain  that  it  came  fram  the 
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Mayas  at  Yucatan.  We  know  therefore  that  commerce  between 
them  once  existed  ;  and  no  doubt  many  elements  of  culture  passed  over 
from  Yucatan  to  the  western  portion  of  Cuba.  We  cannot  trace  it  now 
on  account  of  the  total  destruction  of  the  Cubans  at  an  early  period  ; 
and  also  because  investigations  have  not  been  carefully  made  there  for 
archaeological  purposes  ;  but  we  know  the  facts  ;  we  know  that  the 
Mayas  did  extend  to  Cuba,  though  they  had  no  permanent  settlements 
there.  The  native  languages  in  Florida — there  are  really  only  two  so 
far  as  the  original  names  are  concerned — were  the  Choctaw  and  the 
Timuquanan.  In  the  Antilles,  in  the  Bahamas,  and  in  the  whole  coast 
of  South  America  from  the  mouth  of  the  Orinoco  eastward  to  the  mouth 
of  the  Amazon,  the  country  was  covered  exclusively  by  Arawak  vil- 
lages. They  migrated  from  the  south  to  the  north.  We  can  trace 
them  back  to  the  highlands  of  Bolivia,  where  their  ancestral  stock  still 
remains.  Their  history  can  be  followed  linguistically  and  culturally 
from  the  central  crestline  of  South  America  coming  northward.  They 
reached  the  West  India  Islands,  probably,  at  no  great  time  anterior  to 
their  discovery.  It  might  have  been  500  years,  or  1000.  We  have  not 
found  on  these  islands  any  signs  of  culture,  other  than  distinctly  Arawak 
or  Antillean  in  character. 

It  would  appear,  therefore,  from  these  various  lines  of  argument — his- 
toric, cultural  and  linguistic — that  we  can  discern  a  distinct  develop- 
ment, local  in  character,  ethnic  in  its  traits,  of  a  North  American  cul- 
ture. There  are,  to  be  sure,  many  strange  points  of  similarity  between 
that  and  the  Central  American  and  South  American  culture  ;  but,  as  has 
been  said  by  an  eminent  American  archie ologist,  **  Wherever  you  find 
the  American  Indian,  you  find  him  tarred  with  the  same  stick."  He  is 
always  developing  under  ethnic  conditions  towards  a  culture  which  is 
similar  everywhere.  That  is  shown  in  many  instances  where  we  come 
to  study  out  any  Indian  development.  Take  this  one  of  masks  ;  if  we 
compare  the  general  character  of  those  masks  with  those  which  we  find 
elsewhere  (still  preserved  in  actual  use)  we  find  a  similarity  in  the 
traits  of  them  all.  American  culture  is  in  one  sense  everywhere  the 
same.  It  is  everywhere  the  same  in  its  origin  and  in  its  lines  of  develop- 
ment, although  they  are  deeply  influenced  by  ethnic  and  local  pecu- 
liarities. 

I  do  not  think  the  culture  which  has  been  exhibited  here  to-night — 
strange  and  remarkable  and  most  instructive  as  it  is — has  any  pecu- 
liarities which  are  in  themselves  broadly  distinct  from  those  in  the 
Choctaw  district  of  northern  Georgia  and  in  the  mounds  there.  Her- 
nando de  Soto,  when  about  1540  he  made  that  exploration,  found  an 
extremely  high  state  of  native  civilization  throughout  northern 
Georgia.  He  passed  through  that  region  where  we  find  now  the 
Etowah  mounds  ;  he  found  people  there  who  knew  something  about  the 
use  of  gold  and  silver  and  who  were  in  what  we  might  call  a  copper 
age ;  and  he  encountered  a  people  so  highly  developed  that  the  his- 
torians who  accompanied  him  aU  '  '  '''     The 
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remnlns  which  havi.>  been  iU»covered  since  confirm  those  r«porU  ; 
bi'lieve  thai  the  cultnre  described  this  evpning,  which  is  cminenily  t "" 
riMriiime  culture,  has  devetopod  from  the  same  centre,  thoiigh  in  it" turn 
ilirOL'[!on,  and  has  Tuanjc  annlogies  to  the  cnltorc  which  Hemkotlodn 
Suto  found  soDie  disUDce  north  of  it. 

Wo  have  a  record — very  unsafe  to  follow— comjH wed  iiltuui  1810  to 
ItMS  by  an  EnglishmaD,  written  in  Latin,  tronsUted  in  Frcndi  i 
published  in  RocheforlB  BMorg  of  l!u  AnlilU*.  where  the  wriuci 
sayfl  that  a  general  art  culture  existed  ft-om  the  Appalachritn  cnunliT'^ 
southward  ;  and  he  tells  ae,  as  Prof.  Mason  lUM  pointed  out,  of  dwelling  ' 
built  on  piles  in  the  lower  portion  of  Florida.  I  havf  not  mrsrU  m- 
amined  the  orlsiual  elncu  I  saw  Prof.  Mason's  (luotalion  somo  montlis 
ago  ;  but  I  Ihluk  it  very  likely,  that  pile  dwellingn  are  found  anywhere 
among  native  tribes  where  it  la  conrt-nicnt  to  nmke  ihcm.  Wp  nir«lj 
thenk  ihroughout  Borneo  and  Marai'aybo ;  and  to  this  day  ibe  t^entUS 
noles.  who  live  in  soulhera  Florida,  build  thHr  houses  oftttn  on  pilM 
in  tlic  bayous.  Ii  is  one  of  those  natural  and  necessary  motliod* 
coastruction  which  we  will  Dnd  under  crrtuiu  gNgraphic  cuuditiunt 
wherever  they  arc  discovered.  This  is  my  contribuiioD  lo  ibis  dwmI 
interoellug  study— entirely  novel  and  e:(lremdy  valuable — to  whicJi  wb 
have  had  the  privilege  of  listening.  ^^^^H 

FitOK.   Pm'.VAM  :  ^^^^1 

It  is  seldom  that  an  nrcliicologisi  bus  Ihc  opportunity  of  cxnmltiin!:  n 
Is  of  SI)  much  scieiiiiflc  Iniiiortiincc  as  those  on  cxliil'i- 
;  and  it  is  ccrliUn  IhiK  a  Ihorough  study  of  all  Ihf  n'- 
riitiiin,  curried  <in  by  Mr.  Cnsliing,  under  llie  an-pii ■(•■. 
.if  Pciinsylvnnin,  will  ndd  largcly^o  our  know  IcdfO  "f 
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d  Gi'oririii.  I  fully  jiirn-e  with  hini  on  this  jioini,  beciiu^e 
f  liiivc  here  is  of  the  siitue  type  as  Ihat  known  to  have  ex- 
]>nrli4  of  Fliiri'ln,  iind  in  Georgia,  and  I  may  say  that  i1  is 
siill  fi.rllri-r  norlli,  ii.s  fur  up  ns  the  Ohio  valley. 
;iiliT  thi'  iiKii't  imporlunl  poini  In  Mr.  Cusbing's discoveries 
s  iildf  I.I  l.ring  out  of  this  muck  deposit  on  the  Florida 
iiiinlii-r  lit  obji'c'ts  wliii'h  by  being  buried  in  Ihe  niui-k  wen' 
lieri'»s  ilii'  SKiiie  ob.ji'ils  if  buried  in  a  snnd  mound  or  lost 
|>  would  hiivi-  perished.  Il  is  importanl  to  nole  tlial  ihe 
<  iill('('tii)ii.  miide  of  imperishable  material,  such  as  siime, 
I,  ;iii'  of  ihe  siimr  ehaniiter  as  those  already  known   rnim 

I  Flntida.  Thus  it  si-ems  lo  me  Unit  Mr,  Cushinii's  di-- 
.1  i.f  iiidi.iilinL.'  a  new  cnlllire,  has  thrown  a  pow  eriul 
.1   t-r'iiily  eMeiided  our  knowledge  of.  tiie  old  culture  .if 

II  «e  ;iri';ill  asking  is,  Where  did  Ihia  people  originate  ? 
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Mr.  Gushing  is  inclined  to  believe  that  they  came  from  South  America. 
I  understand  that  would  he  your  idea  (turning  to  Mr.  Gushing),  that 
these  were  the  Arawaks  or  the  Garihs,  and  that  thej'  came  up  from  South 
America  ? 

Mr.  Gushing  (answering)  :  Yes. 

Prof.  Putnam  (continuing)  :  Dr.  Brinton  is  rather  inclined  to  say 
that  they  did  not  come  from  there. 

Dr.  Brinton  :  Because  there  is  no  linguistic  evidence  to  that  effect. 

Prof.  Putnam  :  And  also  that  the  culture  is  somewhat  different  from 
cither  the  Arawak  or  the  Caribbean.  It  seems  to  me  that  it  certainly  is 
a  different  culture.  And  now  there  is  ianother  point  that  we  must  con- 
sider. Mr.  Cushing's  collection  includes  a  large  number  of  human 
skulls  which  I  have  had  the  pleasure  of  seeing  in  the  museum  to- 
day. I  am  much  interested  to  note  that  these  skulls  are  of  the  same 
type  as  those  found  in  the  sand  mounds  of  Florida.  The  first  of  this 
type  that  I  ever  saw  came  from  the  sand  mounds  around  Gedar 
Keys  and  were  brought  to  notice  by  the  late  Prof.  Jeffries  Wyman. 
Mr.  Glarence  B.  Moore  has  found  this  type  in  the  sand  mounds  of  east- 
ern Florida.  The  same  general  type  has  been  found  throughout  north- 
ern Florida,  Georgia,  Alabama,  and  through  the  region  extending 
towards  the  Gumberland  valley  in  Tennessee  ;  also  westward  through 
the  Pueblo  region  and  in  Central  America.  It  is  the  general  brachy- 
cepluilic  skull  ;  riot  only  brachycephalic,  but  decidedly  rounded,  with 
more  or  less  artificial  fiattening  of  the  frontal  and  occipital  regions.  I 
have  regarded  this  type  of  skull  as  belonging  to  the  southern  and  south- 
western peoples  of  North  America.  I  believe  that  this  tj'pe  of  skull  is 
the  type  of  the  people  who  first  settled,  so  far  as  we  know,  in  Cen- 
tral America  and  on  the  shores  of  Peru  and  northern  South  America ; 
that  in  all  probability  this  people  extended  eastward,  coming  across  the 
Isthmus  through  the  Central  American  region  and  extending  along  the 
Gulf  of  Mexico  and  over  into  Florida,  and  finally,  judging  from  the 
evidence  that  Mr.  Gushing  has  presented  to-night,  being  driven  onto 
these  keys.  In  fact  I  should  consider  it  probable  that  the  line  of  migra- 
tion was  directly  opposite  to  the  one  which  has  been  suggested.  That 
is,  I  believe  it  more  likely  that  this  was  a  people  who,  having  had  an 
early  home  in  the  Central  American  region,  extended  around  the  Gulf  to 
Florida,  rather  than  a  people  who  came  from  South  America  to  the 
Florida  Kevs  and  then  spread  into  Florida  and  westward. 

For  a  number  of  years  Mr.  Clarence  B.  Moore  has  been  engaged  in 
exploring  the  sand  mounds  of  Florida.  He  has  found  a  large  number  of 
objects  of  the  same  character  as  many  of  these  upon  the  table.  He  has 
not  found  any  wooden  carvings ;  I  think  he  has  not  found  anything 
made  of  wood  except  a  few  very  small  pieces  with  copper  attached  ;  but 
nearly  all  the  bone  implements,  many  of  the  bone  ornaments,  and  many 
of  the  shell  implements  which  are  upon  the  table  are  almost  identical 
with  those  found  in  the  sand  mounds  on  the  eastern  coast  of  Florida. 
Thus  we  find  the  same  culture,  so  far  as  the  bone  and  shell  objects  can 
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delpnuioc  the  iiuestian,  wUlcli  existed  here  on  ilii-  Miuthwiwi«n)  «w«t  oj 
FluriUu,  extending  norlhwurd  tiji  ilip  I'Hsturri  irnnst. 

The  wooden  objects  in  tliU  colleclion  an^verj'  remarkable;  and  thi 
Htct  tliat  woodcu  vessels  t»ok  tbu  plarc  iif  p»tl«ry  is  nn  imporUiit  one,  U'  I 
it  seems  to  indicate  tliat  Hut  people  wore  forced  to  lue  wood  ln«H«d  o(^ 
pottery  Trom  the  atiundnncu  of  llie  former  niid  the  abBen(.'«  of  cky  ti 
make  the  latter.     Tbese  maakB  I  I'onBider  the  most  mnrTclou»  iirclim^  | 
logical  evidence  that  has  ever  been  bronght  out.     Never  lioforc  have 
been  able  to  dig  n]i  masks  and  to  read  the  ^tory  tbat  tkvy  trll  as  ) 
Cushlng  has  read  it  to  us  to-night.    We  knovr  thai  the  people  of  to-dajf  ] 
in  Central  America  use  masks  very  similar  to  these  ;  und  I  belii^re  tJiat  I 
the  pcoplf>  of  Souili  America  have  somewhat  Muiilar  uuukx.     We  knov  I 
that  many  of  our  Indian  tribes  have  masks  o I  very  similar  chnmeur. 
This  form  ofinusk  bnving  the  aharaelerii^ticBaf  thebird,  or  suiue  nniinal,.  i 
Tepre»('Dicd  over  the  face  \»  so  common  tn-cUy  In  Alaska  and  oth^r  i^rtij 
of  the  northwest  coast,  that  it  is  aeiually  startling  lo  an  clhnulopist  l<t  J 
sec  these  masks,  dug  up  in  Fliirlda,* showing  the  sumv  I'haraclvr  iif  ail 
The    interpretation  that  Mr.  Cushing  baa  givfin  to  this  idea  of  «i- 
pressing  the  auiiual  upon  the  human  face  stid  of  making  the  Bird  UmI. 
or  the  Wolf  Ood,  is  the  same  as  that  worked  out  by   Dr.  Pmnx  Bniu  ; 
and  thJK  ve  know  to  be  true  from  actual  evidence  of  the  Indians  tbeni- 
selves.  ^J 

I  can  only  add  that  nhen  I  read  Hr,  Cushiug's  first  statetnent  of  tUfl 
very  intureBliiig  dlsi-dvery,  I  did  not  know  what  lo  maki-  of  il.  If^ 
Becmetltomealmiist  lii-yond  1ielic.-f  Ihiil  somiK-hof  hiiporliiHce  could  have 
been  fonnd  down  ilicre  in  Florida,  where  so  many  hud  been  working. 
From  his  Htiitemenl  mid  from  the  pholographs  which  he  bus  shown  us 
to-night  I  am  siitisHcd  [hat  he  Iihs  entered  uiwn  a  very  rich  field,  aud 
one  of  the  utmost  iniiKirliimc  lo  tlic  archa'ology  of  North  America.  I 
>i»ri,-rcly  liDpe  Ihal  liis  work  will  he-  continued,  thut  he  will  have  an  op- 
])ortunily  111  relurn  lo  Iliis  place,  iind,  if  posHJhlc,  lo  work  for  Re veral  years 
iihout  these  ki'js.  Tliis  wh.dc  Mibji-cl  sliould  he  investigated  in  a  ihor- 
ough  manucv.  that  wv  may  nndcrslund  si  ill  more  of  Ibis  people  nho  built 
these  peculiar  and  wondtriiil  shell  slrurlurcs.  We  do  not  begin  Ir)  ap- 
preciate the  prolinhle  aiiliijuily  of  this  people  until  we  stop  In  consider 
that  these  Florida  keys  could  nol  have  supiwrted  a  very  large  popu- 
lation, :iitd  thai  it  iiinst  have  taken  an  immense  amount  of  time  and 
millions  upon  niiltiiuis  of  con<'h  shells  lo  make  Ihesc  great  mounds, 
iiprin  wliiili  ilie  dHi-llinj:s  of  the  people  were  probably  creeled,  Mr. 
Gushing  slates  tliai  Ibis  people  must  have  lived  u|Hm  these  keys  many 
cenini'ies  (I  am  inclined  to  i^uy  many  Ihonsand  years)  ago. 

There  has  been  presented  lo  us  to-night  one  of  the  most  important 
areha-ologicul  |);ipers  that  I  have  ever  listened  lo  ;  and  certainly  the  ob- 
jects illustrating  the  paper  are  nf  c\1rai)rdinary  interest. 

I  sincerely  congrnlulute  BIr.  Gushing,  as  well  as  the  Universily  and  all 
connected  with  this  expedition,  on  tlie  imporlant  results  of  his  lal>ors. 
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Mr.  Gushing  :  If  I  maybe  permitted,  Mr.  President,  to  follow  an  ad- 
dress, already  so  long,  with  a  few  remarks  in  reply  to  the  most  in- 
teresting discussion  with  which  Dr.  Brinton  and  Dr.  Putnam  have  at 
once  honored  me  and  added  greatly  to  the  value  of  my  communication, 
I  shall  much  esteem  the  privilege. 

The  President  : — The  Society  will  be  pleased,  I  am  sure,  to  listen  to 
Airther  remarks  from  Mr.  Gushing. 

Mr.  Gushing  : — First,  then,  in  reference  to  Dr.  Brinton 's  part  in  the 
discussion,  let  me  say  that  it  was  quite  impossible  for  me  to  undertake  to 
review,  much  less  to  dwell  upon,  the  numerous  historic  references 
to  early  natives  in  Florida,  that  seem — as  I  am  well  aware — to  have 
pertained  to  the  waning  days  of  a  people  who  were  either  the  actual 
key  dwellers — as  I  have  called  them^-or  were  certainly  inheritors, 
in  great  part,  of  their  culture.  Gould  I  have  done  this,  Dr.  Brinton 
would  have  perceived  that  my  belief  fully, — almost  more  than  fully — 
accorded  with  his  own,  regarding  the  affiliations  of  these  people  with 
later  and  historic  peoples.  I  would  add,  relative  generally  to  the  early 
inhabitants  of  western,  southern-central  and  southwestern  Florida, 
that  from  archaeologic  evidence  alone,  one  can  scarcely  doubt  they  were, 
at  the  time  of  the  discovery,  chiefly  Maskokians  (or  of  the  stock  to  which 
not  only  the  Muskhogees,  but  also  the  Ghoctaws  or  Ghahtas,  the 
Hitchiti  and  other  tribes  of  the  Greek  Gonfederacy,  of  the  Southern 
States,  belonged, — as,  if  I  remember  aright,  Dr.  Brinton  long  ago 
pointed  out  in  one  of  his  published  works.  And  since  I  regard  these 
Southern  mound-building  Indians  as  having  inherited  their  mound- 
building  habits  and  much  of  their  culture  otherwise,  quite  directly  from 
key  dwellers,  I  of  course  believe,  with  him,  that  the  key  dwellers  them- 
selves may  be  looked  upon  as  having  been,  during  the  later  centuries  of 
their  existence,  not  only  American  Indians,  but  North  American  Indians, 
and  thus,  in  a  racial  sense,  by  no  means  a  new  people. 

After  all,  the  chief  significance  of  these  discoveries  and  finds  of  ours 
in  the  keys  of  southwestern  Florida  is  to  be  found,  as  I  have  said  before, 
in  the  unique  illustration  they  afford  of  a  peculiar  local  development  in 
culture  and  art  as  influenced  by,  or  related  to,  a  peculiar  environment ; 
and  in  this,  while  they  may  not  pertain  to  a  new  or  hitherto  unknown 
people,  they  certainly  do  reveal  either  a  new  phase  of  human  culture,  or 
else  an  old  culture  in  an  entirely  new  light. 

Nevertheless,  I  wish  to  explain  a  little  more  explicitly,  quite  exactly 
where  I  stand  with  regard  to  these  ancient  key  dwellers  of  mine — as  to 
who  they  were  more  remotely,  as  to  what  may  have  been  their  origin  ! 
It  is  true  I  do  not  believe — and  I  do  not  think  I  have  anywhere  stated 
the  belief— that  they  were  a  new  people,  or  even  that  theirs  was  wholly 
a  new  culture.  I  admit  that  there  have  appeared  various  articles  in 
which  the  most  extravagant  announcements  have  been  made  relative 
to  my  Florida  discoveries, — such  announcements  as  I  would  not  for  a 
moment  have  encouraged  the  statement  of;  and  even  in  what  I  myself 
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liave  written  for  the  press,  I  uiitnot  be  held  reBpnnsible  for  ''htwl- 
ings"  or  "editorial  leatlera."— raucli  less  for  coinmenta  tlicrcon  in  the 
prcM  a  1 1  urge. 

Bat  I  would  repeat  that  t  tltink  n  close  studv  of  many  objects  in  oar 
collection  revcftls  decided  (race  of  survival  in  art-types  of  n  kind  which 
caDiiut  be  accounted  for  as  well  oiherwise,  as  by  Bupposint;  it  lo  hara 
been  derived,  inherited  remotely,  I  elioald  My,  from  farther  eoulliem 
regions — from  South  America,  in  all  probability.  In  tuy  spoken  addresn 
I  did  little  more  than  touch  upon  thie  iniporlaol  point,  in  order  merely 
to  bring  it  before  you  lu  Ibe  proper  connection,  and  I  may  not  have 
BtaU>d  clearly  cnongU  that  I  did  not  think  the  key  dwellerB  ibcmselrM. 
or  as  a  people,  were  wholly  South  American.  I  think,  hnwcTer,  lliat 
they  may  have  been  such  in  the  Terj'  beginning  ;  thai  a  South  American 
people,  or  that  au  iulerniedialc  sea-dwelling  people  derived  tlience.  and 
coming  at  last  on  the  cnrreDts  of  the  Caribbean  Sea,  to  the  region  of  theiw 
keys — as  indicated  by  my  map — initiated,  in  Ibis  region,  the  practice  of 
the  key  building  of  which  I  fomid  so  many  evidences.  I  have  already 
referred  to  the  pointed  paddle  wc  found,  which  is  boih  South,  and 
CcDlnl  American,  in  type;  lo  the  absence  ofbows,  and  the  presenoe 
cf  Btlalls,  which  are  likewise  al  home  in  those  remoter  regions, 
more  so  than  in  these  :  and  to  the  type;  of  war  club  which  prevail! 
down  there,  and  of  which,  In  particular,  I  would,  even  at  the  Ha)cJ 
of  repetition,  say  a  little  more  in  this  special  connectloo.  Let  mi^ 
exhibit  to  you  the  actual  specimen  we  found.  If  la,  a*  I  was  at  coosid- 
erablc  jiains  lo  show  you,  Ma^kokiiin  in  type,  of  the  soiilhcrii  mounds : 
or,  iis  Dr.  Briiiion  has  iissured  you,  C'lioctaw,  which  is  praclically  the 
same  thing.  Uiii  the  specimen  I  hold  in  my  hand  is  an  actual  weapon, 
not  merely  ceremonial,  as  were  (hose  of  tlic  Southern  Indians,  and  it  is 
distincliveiy  South  American  in  lype.  It  is  not.  save  in  semblance, 
such  as  its  parcnl?  were.  It  is  wholly  of  wood,  yet  it  does  not  represent 
survival  from  a  club  of  wood  alone.  Il  represents,  if  I  am  nol  mis. 
taken,  survival  from  a  form  of  weapon  like  the  doubie.bladed  battle  axe. 
peculiar,  origitinlly,  to  South  America— a  form  derived  from  a  type  of 
litone-biiLded  iinplemcnl  nowliere  represented  in  North  America.  I 
here  refer  to  the  short,  broad,  and  round -liil ted,  tiat-backed  celt- 
blade,  sharply  notched  al  the  sides  near  the  bult,— nol  grooved  as  are 
the  axe  blades  of  Ihe  United  States, — which  anciently  prevailed  all 
through  Ihe  I{nlivian  Highlands,  in  Pan],  Ecuador  and  along  the  upper 
reaches  of  the  Amazon,  and  Ihence  spread,  no  doubl.  not  only  north- 
wardly into  the  Isthmus,  but  also  northeastwardly  down  the  .Vmaxoa 
and  Ihe  Orinoco.  Thc-^e  blades  were  set  oppositely,  nol  into,  Imt 
ngiilritt  Ihe  sides  of  their  club-like  bandies,  and  were  altached  thereto 
by  means  of  cris.s-cross  bindings  allernalely  passing  through  ttic  right 
notch  of  one  blade,  obliquely  across  Ihe  handle,  and  lhrou>:h  Ihe  left 
notch  of  Ihe  other  blade,  then  through  the  right  notch  of  the  second 
liladc,  again  across  the  opposite  side  of  Ihc  handle,  and  through  Ihe  left 
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notch  of  the  first  blade,  in  such  wise  that  a  weai>on  exactly  resembling 
this  one,  in  general  outline,  was  produced.  From  such  a  form  of  weapon 
the  double,  semicircular  bladed  battle-axe  of  copper  or  bronze  which  pre- 
vailed at  the  time  of  the  Conquest  in  both  Peru  and  Isthmean,  or  Meridian 
America,  appears  also  to  have  been  derived  ;  as  well  as  the  form  of  club 
I  have  described  and  here  shown  to  have  been  almost  as  characteristic 
of  the  keys  (and,  ceremonially,  or  still  further  derivatively,  even  of  the 
southern  mounds)  as  it  was  originatively,  of  the  country  of  its  nativity, 
namely,  South  America. 

Much  of  like  import  may  be  said  of  the  plaited  leg-bands  represented 
on  the  human  figure  painted  in  the  shell  I  have  exhibited  and  described. 
These  bands  are  drawn  as  passing  around, — not  the  ankles,  as  at  first 
sight  appears, — but  around  the  legs,  just  below  the  knees  and  above  the 
calves ;  and  we  know  that  both  the  Arawaks  and  the  Caribs  had  the 
curious  practice  of  tightly  bandaging  the  legs  in  this  fashion,  in  order, 
it  is  alleged,  to  enlarge  the  calves  :  but  whether  this  is  so  or  not,  we  see 
that  the  practice  was  typically  Soutli  American  ;  and  I  may  add  that  it 
prevailed  nowhere  in  Northern  America  except  apparently  here  among 
the  keys  and  in  the  mound  region,  and  that  in  this  last,  it  was  evidently 
a  survival ;  for  it  may  be  seen  that  the  mound  plates,  such  as  I  have 
shown  you  by  illustration,  represent  figures  wearing  not  only  wristlets 
and  leg-bands,  as  in  this  painting, — and  as  worn  by  the  South  American 
and  Antillean  Indians, — but  also,  armlets  or  bands  above  the  elbows, 
and  anklets  or  bands  below  the  calves,  as  worn  by  so  many  central  North 
American  Indians,  whcH  first  encountered. 

Now  I  have  mentioned  these  comparatively  inconspicuous  characteris- 
tics, not  simply  because  they  are  the  only  evidences  that  might  be  ad- 
duced in  support  of  my  supposition,  but  because  they  are  the  readiest 
at  hand  and  the  most  easily  illustrated,  of  many  such  evidences. 

I  have  not  been  unmindful  of  the  fact  that  Prof.  Holmes  pointed  out, 
some  years  ago,  an  apparent  Caribbean  element  in  the  decoration  of  cer- 
tain ancient  Floridian  potteries,  and  although  I  surely  referred  to  the 
subject  in  the  course  of  my  address,  I  evidently  did  not  make  its  signifi- 
cance as  clear  as  I  trust  my  published  notes  will  render  it.  Meanwhile 
we  are  certainly  ofl*  of  debatable  ground  when  we  study  or  consider  tlie 
collections  of  pottery  made  by  us  in  the  northerly  portion  of  the  State, 
— at  Tarpon  Springs,— or  those  made  by  Mr.  Clarence  Moore  in  easterly 
portions  of  the  State  (as  compared,  in  various  ways,  with  the  collections 
of  corresponding  wooden-ware  vessels  gathered  by  us  from  the  southern 
keys)  in  reference  to  their  relationship  to  primitive  art-technique  and 
symbolism  ;  as  influenced  by,  and  inherited  from,  a  given  environment. 

The  forms  of  these  terra-cotta  vessels,  and  particularly  the  decorations 
upon  many  of  them,  were  eloquent  of  at  least  one  thing, — that  their 
types  had  originated  among  a  people  who  had  once, —  ignorant  of  pot- 
tery-making.— made  their  vessels  of  shells,  of  simple  gourds,  and  of 
wood  ;  and  that  those  primitive  vessels  of  theirs  had  been  more  or  less 
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like  untu  these,  Iheir  Uier  vessels  in  clay.  For,  by  critically  eiamlo- 
iD^  the  peculiarly  involuted  and  coni^entric  designs  on  so  lunuy  of  tlttMn, 
SUL-L  as  were  recognized  by  Prof.  Hulmea  as  unalugous  to  Cnritibckn 
decomtioas.  I  Qnd  ibnl  tbey  were  undoubtedly  derived  from  the  nalursl 
msrktngH  of  the  curly-  or  urooUetl-graincd  wood  of  whii:h  thcac  ftncicnt 
peoples  bad  earlier  made  their  principal  vessels — tiiat  is,  befure  lh«y 
became  makers  of  pottery  vesseU  at  all. 

Again,  what  lends  plausibility  to  this  suppoailion,  is  the  fact  that  In 
mucb  of  the  pottery  under  consideration  the  surrace-decoratiua  resent- 
bU's  A  hftchuring — so  to  call  it. — the  origin  of  which  is  as  unmistakably 
IraceHble  to  the  surface  markings  of  wooden  objects  c&rved  with  shark- 
tooih  blades ;  and  is  simply  the  reproductive  or  imilalive  perpetuation. 
in  clay  materials,  of  such  markings  as  were  unavoidable  fu  vessels  ihna 
made  of  the  wood  materials  (hat  preceded  the  use  of,  and  aorved  as  tlie 
models  for,  these  vessels  so  dilferently  made  of  pottery  materials.  All 
this  would,  to  my  mind.  Indicate  that  these  forms  of  decoration, — Ab- 
lillean  as  well  as  Floridian — owed  tbeir  origin  to  a  similar  condition  and 
environment, — and  thus  very  probably  were  derived  from  some  com- 

I  failed,  it  now  nppears,  to  consider  sufficiently  these  and  many  oIh«r 
points  which  have  been  so  appropriately  brougbt  forward  and  empha- 
sized by  Dr.  Putnam  as  well  as  by  Dr.  Brinton,  because,  as  I  early 
stated,  it  seemed  necessary  for  me.  in  order  the  better  to  exhibit  and 

explain  the  larae  mimber  of  laiileni  slides  (there  were  siity-seven  of 
them)  to  abandon  mj'  ntannscript  notes.  From  Ihe  scientific  stand- 
point I  ougbl  not,  in  justice  tu  my  subject,  to  have  done  this,  and  I  now 
regret  that  I  did  ;  for  in  the  outline  or  syllabus  of  the  address  which  I 
furnished  to  both  Dr.  Brinton  and  Dr.  Putnam  these  points  were  at 
least  indicated  ;  and  in  my  manuscript,  as  will  appear  when  it  is  fully 
published,  nearl3'  all  of  Ihcni  were  fairly  set  forth. 

If,  then,  you  will  permit  me  to  restate  my  conclusions  on  one  or  two 
only,  of  the  more  gcnenil  of  these  points,  which  seem  to  me  to  include 
or  imply  so  many  of  Ihe  others,  I  will  not  detain  you  longer. 

I  cannot  express  too  strongly  my  belief  that  there  was  a  large  "  Musk- 
hogian  "  (or  Maskokian)  element  among  the  ancient  inhabilanis  of 
western  Florida — so  large,  in  fact,  that  T  think  wc  may  juslitlably  map 
the  whole  western  half  of  Florida,  to  as  far  soulh  as  the  very  end  of 
the  peninsula,  as  Muikokiim.  Now  the  Maskokians  were  mound  build- 
ers, and  therefore,  according  to  my  theory,  must  long  have  been  dwel- 
lers in  the  land.  Whether  they  had  themselves  come  from  the  Soulh, 
or  whether  ttit'y  came  thither  from  the  !Korlh,  or  whether,  as  has  seemed 
to  me  more  probable,  they  resulted  from  an  intermingling  here  of  slocks 
from  both  directions,  tlicsc  questions  slill  remain,  I  think,  to  be  deter- 
mined principally  by  further  archseologic  researches  of  precisely  the 
kind  of  which  I  have  given  you  some  account  this  evening, — although 
much  more  extended,  for  I  have  but  entered  the  borderland,  as  it  were,  of 
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ao  enormouslj  large  and  fertile  field.  But  I  must  reiterate  that  in  the 
keys,  in  the  essential  features  thereof,  and  in  the  principal  structures 
thereon,  we  have  prefigured,  as  it  were,  the  mound-groups  and  their 
outworks — ^those  built  not  only  by  the  Maskokians  and  other  historic 
Indians,  but  also  by  the  prehistoric  so-called  mound  builders  them- 
selves ;  and  since  the  keys  thus  represent  a  kind  of  mound  building 
that  was  absolutely  essential,  while  to  account  for  the  almost  equally 
laborious  earth-mound  works,  practical  necessity  cannot  be  conceived  of 
as  a  primary  cause,  I  have  claimed,  not  that  the  mound  builders  were 
as  a  whole  derived  from  the  particular  key  dwellers  I  have  been  describ- 
ing, but  that  mound  building  as  practiced  by  them,  was  derived  from  an 
analogous  sea-,  or  shore-land  environment.  And  thus,  too,  I  have  ven- 
tured to  suggest  that  the  resemblance  between  the  mound-groups  of 
our  own  land,  and  the  foundation -groups  of  ancient  Central  American 
cities — the  plans  of  the  principal  structures  of  which  are  so  strikingly 
like  even  the  plans  of  the  earlier  key  structures — may  indicate  that 
these,  no  less  than  the  mound-groups  themselves,  were  developed  (with 
much  else  in  ancient  Central  American  culture)  from  an  original  sea 
environment  of  the  same  kind.  So,  the  main  point  of  all  I  have 
brought  forward  in  relation  to  our  discoveries  and  collections  as  repre- 
sentative of  the  ancient  sea  dwellers,  is  this :  That  for  the  study  of 
beginnings,  alike  of  the  sort  just  named,  and  in  technology  and  art, 
they  are  exceedingly  suggestive  and  in  some  respects  quite  sufficiently 
conclusive. 

In  thanking  the  distinguished  gentlemen  who  have  so  honored  me 
with  their  discussion  and  in  thanking  the  members  of  this  Society  for 
their  patient  attention  throughout,  I  wish  once  more  to  acknowledge  my 
profound  appreciation  of  the  aid  and  encouragement  I  have  received 
from  your  distinguished  Vice-President,  Dr.  William  Pepper  ;  my 
gratitude  also  to  Mrs.  Phebe  A.  Hearst,  and  to  other  members  of  the 
Board  of  Managers  of  the  Archaeological  Association  of  the  University 
of  Pennsylvania,  who  made  possible  the  investigations  of  which  I  have 
given  you  account  this  evening.  Had  they  not  thus  come  forward,  I 
had  personally  missed  an  opportunity  of  enriching  my  experience  in 
American  archaeology  and  ethnology  that  I  have  come  to  feel  I  could  ill 
have  afforded  to  spare. 

[Since  the  remainder  of  this  discussion  consisted  chiefly  of  a  detailed 
description  (occupying  nearly  half  an  hour)  of  the  specimens  and  illus- 
trations displayed  in  the  Hall  of  the  Society,  I  have  not  hesitated  to 
incorporate  the  substance  of  the  stenographic  notes  of  it  that  were 
kindly  furnished  me  by  the  Secretaries  of  the  American  Philosophica. 
Society,  in  the  body  of  the  published  address. 

In  justice  as  well  to  my  two  distinguished  critics,  as  to  myself,  how- 
ever, I  must  repeat  that  in  the  off-hand  address  which  alone  they 
discussed,  I  may  not  have  made — probably  did  not  make — a  number 
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of  (he  points  tliey  consider,  as  elcnr  from  tny  side  bb  tliey  were  In 
my  wrillen  notes,  and  fis  I  ti-UBt  they  now  nra  in  llii;  ftilWr  text. 
Hence,  it  is  not  only  aiiproprialc,  but  BPeuie  lo  me  a  duty,  to  lioro  fljruisli 
rommeots  on  tliree  or  four  of  iheBe. 

Regarding  Dr.  Brinlon's  rerereno?  to  the  mounds  on  Tfttiiim  Bay,  1 
find,  from  the  notes  of  tlie  disciisBion.  llint  I  did  not  givL-  lUe  subject  »af- 
flcient  attention.  I  etiouldliiiTe  stated  more  hilly,  tbai  the  mounds  whicb 
haie  been  identifled  as  tliose  discovered  by  De  Soft,  wore  of  jireri»ely 
the  kind  I  bave  described  as  occurring  6a  Pine  Island.  That  is,  they  are 
not  true  iteys,  for  they  are  situaied  on  the  mainland,  nnd  they  are  com- 
posed of  earth  and  shell  combined,  as  were  ell  tlie  mounds  n(.>ar  the  gulf 
coast  of  Florida  that  I  have  described  as  probably  tlip  worlts  of  th« 
deseeudanis  or  sncceasors  of  the  key  dwellers  [iroper.  True  typical 
shell  keys,  no  fewer  than  Sre  of  tbem,  occur  along  the  Manatee,  below 
the  opposite  or  southward  side  of  Tampa  Bay,  but  these  are  quite  cer- 
iftinly  not  the  mounds  referred  lo  as  occupied  at  the  lime  of  De  Soto. 
Thcry  are  cither  islands,  or  contiguous  to  islands.  Nevertheless  one  of 
them  was  apparently  connected  with  a  later  series  of  carlh-fforke  which 
Mem  to  have  been  subsidiary,  like  those  of  Pine  Island,  Naples  and  tli« 
Caioosaha tehee  region.  It  was  in  the  region  of  these  latter,  and  of  Uie 
Okeechobee,  that  the  renowned  Chief  Siwinene  and  his  successors,  rulers 
orcr  the  Caloosag,  held  stray,  and  it  was  principally  among  these  peo- 
ple—far inland,  and  more  than  a  hundred  miles  north  east  wardly  (Vom 
the  Key  Marco  region,  that  Fontnneda  seems!  to  bave  liveti.  Tlint  llie 
particular  peoples  mentioned  by  him  were  not  the  same  as  Ibe  key 
dwellers  pro])er — certainly  not  the  same  in  period  and  degree  of  develop  ■ 
meni— may  be  inferred  tViim  the  single  fact  that  they  were,  as  Dr.  Brin- 
ton  rjni>ii'*.  "fine  iirchers  ;"  whereas,  I  have  shown  that  the  true  key 
dni'llir-  ^vl'l'l'  tiol  possessed  of  Ibe  bow  at  :.11.  but  used  nllatls  and 
tlirciiviii!;  iiiruws  instead,  and  were  not  unacquainted,  apparently,  with 
tilt  Mow  :;nn,— bolii.  I  may  remark,  dislinctlveiy  South  American  types 
ot  w'iipuzi.  Thiit  tiicy  derived  these  and  other  things  already  de- 
sfriliiil,  frimi  tin'  Arawaks  of  a  period  sufficiently  remote  lo  allow  Ihue 
r<ir  tlifir  <1<iiLiL'SI]i'ii[ion — so  lo  say — in  this  region,  still  seems  lo  me 
pr..l..l.|,.. 

Whili-  ilicrc  }■;  iiuirli  In  Indicate  Ihe  comparatively  rcceni  introduction 
inUi  biiili  ilii-  .Vnlillcs  and  Florida  of  the  Caribbean  eli-mcnl,  it  seems  lo 
me  nlniost  <i  rliiiii  thai  i(.  as  i«  generally  affirmed,  the  Arawaks  were  the 
true  abr>ri;,'incs  ot  ilif  Ureater  Antilles,  lUen  Ihcy  must  have  reached 
tbONc  island)^  mucli  more  ancienlly  than  Dr.  Brinton  if  inclined  to  allow, 
— for  some  of  tiiv  cnvc  rcninins  already  found  there  give  ])ositive  indica- 
tion of  hi^li  anliiiuily.  Again  authorities  diRa;;rec  as  to  Ihe  linguistic 
evidince  of  .Vniillfjin — Carib  and  Arawak— connection  with  the  natives 
of  sonlhcrn  Florida.  An  impartial  examination  of  publislied  and  unpuli- 
lislu'd  viicabularii'Si  convinces  inc  that  liicre  is  quite  as  much  to  prove 
su<h  conncetion  as  Iw  l>ecn  lirougbt  forward  lo  prove  Haskoklan  con- 
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nectioD,  the  number  of  correspondences  between  the  Arawak  and  the 
Timucua  and  between  the  Tunucua  and  Maskoki,  being,  for  example, 
about  equal,  and  quite  as  readily  explicable  in  both  cases  on  the  score 
of  acculturation  or  borrowing,  as  on  that  of  descent.  It  is  for  this  reason 
that  I  have  regarded  archieologic  evidence  on  this  question  of  connec- 
tions, as  equal  to,  and  in  some  ways  superior  to,  linguistic  evidence ;  and 
a  combination  of  the  two  kinds  of  testimony  as  superior  to  either.  When, 
for  instance,  we  find  that  the  same  word  in  both  Carib  and  Timucua  sig- 
nifies not  only  "Fish-pond  "  but  also  "  Vegetable  garden,"  and  when  we 
consider  this  in  connection  with  the  evidence  I  discovered  on  all  the 
ancient  keys,  of  the  actual  filling  in  offish-ponds  or  enclosures  to  form 
of  them  vegetable  gardens,  it  seems  to  me  we  have  quite  strong  indica- 
tion of  a  wide-spread  practice,  commonly  derived,  by  all  these  peoples. 

If  the  linguistic  evidence  relative  to  connections  either  toward  the 
north  or  toward  the  south,  of  the  ancient  key  dwellers,  is  thus  far  so 
scant  as  to  be  inconclusive,  this  is  to  a  certain  extent  also  the  case  with 
the  evidence  afforded  by  the  human  remains  we  collected.  In  justice 
to  Dr.  Putnam  I  must  state  here  that  the  series  of  skulls  in  my  collec- 
tions, examined  by  him,  were  not  the  key-dweller  skulls.  They  were 
skulls  derived  from  the  Anclote  region,  and  like  those  he  mentions  as 
previously  collected  by  Dr.  Wyman  and  Mr.  Clarence  Moore,  were 
exhumed  from  sand  mounds.  The  true  key -dweller  skulls  found  by  us 
in  the  muck  beds  at  Marco  and  in  the  bone  pit  on  Sanybel  Island,  num- 
ber only  thirteen,  but  they  are  pronounced  to  be,  by  Dr.  Harrison 
Allen,  who  is  studying  them  preparatory  to  full  publication,  uniformly 
distinct  from  those  of  more  northerly  and  easterly  parts  of  Florida.  In 
the  first  place,  the  occipital  foramina;  of  these  remarkable  skulls  are 
abnormally  large  and  remain  open  in  even  the  most  mature  of  them, — a 
characteristic  seen  in  only  one  cranium  of  our  northern  series.  In  the 
second  place,  a  curious  feature  of  all  these  key-dweller  skulls  is  that  in 
no  case  is  the  occiput  flattened.  Finally,  they  are  found  to  be  more 
nearly  of  the  Antillean  type,  judged,  it  is  time,  by  only  one  or  two 
specimens  of  the  latter  examined  by  Dr.  Allen,  than  of  the  northern 
Indian  type. 

In  connection  with  this,  it  is  significant  that  the  skulls  of  two  dogs,  in 
our  collections  from  the  muck,  were  commented  upon  by  the  late  Prof. 
Edward  D.  Cope,  as  apparently,  almost  certainly,  skulls  of  the  species 
of  dog  common  in  Incan  times  to  the  Peruvian  and  Bolivian  Highlands. 

Likewise  in  justice  to  Dr.  Putnam,  I  must  again  state  here  that  while 
there  was  pottery  not  only  on  the  terraces,  but  also  in  the  muck  depos- 
its, of  the  keys,  even  of  the  southernmost  keys  I  examined  ;  still,  the 
specimens  I  exhibited  before  the  Society — three  in  number — so  closely 
resembled  the  wooden  objects  of  the  same  general  kind,  also  exhibited 
and  in  greater  number,  that  they  may  well  have  been  mistaken  for 
vessels  of  wood  unless  particularly  dwelt  upon.  It  is  a  curious  fact 
that  of  all  the  pottery  discovered  by  us  actually  in  the  muck  deposit  of 
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Key  MarcQ,  only  Iray-aljniied  vasBels,  and  either  shallaw,  or  heiuUplieifi'j 
cal  and  deep,  sooty,  cooking-,  or  liealing-liowlt  of  blftck  Mnlicnware;' 
were  foiiQcl,  Nearly  all,  as  was  to  l)e  eipedetl.  were  crushed  ;  yrt 
from  among  the  onmerous  Hherds  carefully  saved  in  low.  Mr.  B«rguiaDti 
And  t  have  succeeded  in  bringing  togetber  the  parts  of  not  fewer  than 
flfleen  examples,  of  various  sizes  •  and  we  liope  to  restore  ytl  otben. 
One  Bmall,  stiullow  bowl,  a  fragment  of  wbicb  I  exbibited  to  the  Society, 
has  happily  b^en  almost  completely  restored.  It  contains  a  quite 
thick  mass  of  blHck  rubber  gum— intermixed  -with  crashed  Ehell  and 
other  i^uhslance — of  precisely  the  kind  that  was  used  for  cement  and 
paint  material  as  described  In  the  teit.  Other  and  larger  eiamples 
tain  almost  equally  tbiuk  coatings  of  partly  charred  food,  inside, 
like  all  the  rest,  incrustations  of  soot,  outside. 

No  relics  found  by  us  in  the  muck  eo  completely  evidenced  the  u 
the  water  courts  in  which  the  deposits  occurred,  as  places  of  « 
residence,  as  did  these  flre-vessels. 

Only  a  single  ornamental  fragment  was  found.  This  was  the  coo 
llonal  figurehead  of  a  crested  bird,  quite  sucl)  as  is  found  on  man 
the  traylike  bowls  of  earthenware  from  the  ancient  mounda  of  lh« 
Hiselssippi  valley.  But  it  had  been  drilled  and  reshaped,  lo  some  eX' 
lent,  to  serve  as  a  weight  or  pendant.  On  the  contiguous  beights.  boW' 
«ver,  and  on  the  belghta  of  nearly  all  the  keys,  especially  toward!  tfa« 
North,  I  collecied  many  examplea  of  more  elaborate,  more  decotstivD 
and  varied  poltery,  mncli  of  it  so  distinct,  in  Irijtii,  from  the  pott' 
the  muck,  that  I  \snf  somewhat  puzzled  to  explain  it  as  liie  work  of  the 
same  people,  at  least  In  the  same  period  of  their  development; 
indeed,  it  may  be  tliat  in  part  this  pottery  of  the  heights  i»  later,  and 
even  perliaps  represents  to  some  degree  the  work  of  later  peoples. 

I  can  only  add  here  more  dclilieraiely  than  was  possible,  of  course,  in 
my  spoken  address,  an  expression  of  my  continued  appreciation  of  the 
kindly  comments  with  which  Dr.  Brinton  favored  me,  and  with  whicti 
Dr.  Putnam  both  opened  and  closed  bis  discussion.] 
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